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LabVIEW 
It's Just that Easy 
No time. Low budget. 
Y ou've heard it before. They need an 
instrumentation system - better, faster, and 
cheaper. And they are empowering YOU to 
build it by next month. Now, you can give them 
what they want. Use LabVIEW, the world's 
most popular instrumentation development n 
software, and you'll complete your project 
ahead of schedule, just like thousands of 
engineers, scientists, and technicians have. 
It improves productivity at least 4 to 10 times, 
empowering you to create modular, reusable 
virtual instrumentation systems with compiled 
execution speeds. 
So join the LabVIEW Revolution. Complete 
your project ahead of schedule. And take all the credit. 
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Call for your 
FREE LabVIEW 
Productivity Study 
today. 
(800) 433-3488 
(u.s. and canada) 
FREE evaluation software available. 
Point your Web browser to www.natinslcom to get a 
complete schedule of upcoming technical seminars. 
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: Look no further. 
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It's easy to see that the WindoGra Recorder 
helps you look at your signals in all the ways 
you need. So you get maximum flexibility for 
use in your application. And all these capabili-
ties are engineered into a familiar chart 
recorder format, giving you portable recording 
system performance in an easy-to-use package. 
When you take a closer look, the 
WindoGraf recorder shows you more and more. 
look Now: Our monitor provides a valuable 
real-time signal display --horizontal or vertical format up 
to 200 mmls. So now you can minimize paper usage by performing 
trace setup and monitoring without running the chart. look later: 
Capture signals to removable PCMClA hard drives with more than 100 
Mbyte capacity; record data continuously for one week. 
look Selectively: Gould offers a wide range of plug-in signal 
conditioners that isolate the signal characteristics you want. look and 
Analyze: Our optional software makes it easy to review and analyze 
WindoGraf recorder signals on a standard PC under the 
Microso WindoW5~ operating system. 
WindoGraf recorder. Look no further. 
WindoGra is a registered trademark of Gould Instrument Systems, Inc. 
Microso is a registered trademark and Windows is a trademark of Microsoft Corporation. 
GOULD 
Instrument Systems 
Yes, I want a NTB 3/97 
closer look at 
the WindoGraf recorder! 
Name: 
TItle: 
Company: 
Street: 
City: State: 
Telephone: Fax: 
Send to: Gould Instrument Systems, Inc. 
8333 Rockside Road, Valley View, Ohio 44125. 
Or call (216) 328-7000. Fax (216) 328-7400. 
Zip: 
ill teSTEQUllY 
Brand New 
~ TQ Instrument Rack 
System 
Fully Assembled. 
from$1,249 
Brand New (SRSj 
~ Stanford 
Research Systems 
SR780 
2-Ch., 102 kHz 
FITNetwork 
Signal Analyzer 
Dnly sg,950! 
Save as much as 50% 
over competing models. 
~ SRS DS345 
30MHz 
Function Generator 
$1,595 
~ SRS SR630 
16 Channel 
Thennocouple Monitor 
$1,495 
XANTREX 
Brand New 
~ Xantrex XFR-Series 
Power Supplies 
1,200 Watts 
$1,350ea. 
~ Xantrex XHR-Series 
Power Supplies 
1,000 Watts 
$1,795 
ReNewed™ 
~ Hewlett-Packard 
3325A 
SynthesizedlFunction 
Generator 
1~zt021MHz 
$2,995 
ReNewedTi 
~ Hewlett-Packard 
8591E/l0/21 
Spectrum Analyzer 
9kHz to 1.8GHz 
$14,995 
ReNewed™ 
.. Environmental 
Chambers and Ovens 
Thermotron, Tenney, 
Envirotronics & More 
Tektronix 
i,BrandNew 
.. Tektronix 
Real-TIme 
Digital Scopes 
IDS 200 Series 
60 or 100 MHz, 1 Gsls 
from $995 
Big Savings. 
Get Big Savings on Test Equipment 
from TestEquity. 
Brand New + ReNEWeD Test Equipment 
Yes, you can save up to 50% on high-quality test equipment; all the top brand 
names, including Hewlett-Packard, Tektronix and Fluke. And now there's brand 
new TQ Instrument Racks, brand new Xantrex Power supplies and brand new 
test equipment from Stanford Research Systems, all priced up to 50% less than 
competing models! Call or log-on for the catalog that includes the latest arrivals 
and sale priced specials that will solve your test requirements at the best price. 
1-800-426-3457 
Local or Inti. call (805) 498-9933 • FAX (805) 498-3733 
Ready to cmver '/IltI col from 6:30 1111, Pocific fme, MoOOar 1Iru FrickJy 
TestEquity is your authorized stocking 
distributor of Tektronix oscilloscopes. 
http://WWW.testequity.com 
For More Information Write In No. 548 
Power Technology, Inc. can be 
your friend in the international 
OEM laser diode module busi-
ness. Our worldwide network 
of stocking distributors are lo-
cated in 17 countries. With our 
diverse product line we are cer-
tain to have a product to meet 
your needs. We are ready to 
discus your application ideas. 
Laser Diode Modules 
Anamorphic Correction 
Astigmatic Correction 
Separate Geometry 
Modulated Systems 
CWSystems 
Fiber Couplers 
Pulsed Systems 
Temperature Compensated 
Power Supplies 
Laser Heads 
High Power Systems 
OEM Modules 
Nd YAG 
Temperature Compensated 
HeNe Power SUIJIJlies 
For 1 mw to 35 mw Tubes 
Call now for your ,. 
free updated 
1997 Catalog. 
Q-switched and CW Nd VAG Sys-
tems in green and infrared wave-
lengths. 532nm units up to 20mw. 
Wide temperature range models 
available. Units available for 6 and 
12VDC as well as 110 and 220VAC 
operation. 
The APMT combines TTL modulation 
with astigmatic and anamorphic beam-
correction and active Peltier tempera-
ture control in a complete package. 
Available in 625 to 1 064nm and up to 
35mW of visible light or 1 OOmw of IR. 
HAM high power modules can produce 
from 100mW to 2000mW in various 
wavelengths. The self-contained unit 
incorporates Peltier temperature 
compensation , an internal fan , 
heatsinking, and drive electronics. 
ILC and IPC laser diode pulse drivers 
for 0.5 to 100A lasers with a pulse width 
from 7 to 200ns operate on 10 to 
28VDC. The ML series offers a com-
plete laser transmitter for ra nge find-
ing applications. 
The SPMT is a fully integrated system, 
with laser, optics, and drive circuitry. 
Capable of TTL modulation of up to 
20MHz on 5VDC. The separate laser! 
optics head saves space for tight laser 
head placement 
PTI manufactures a full range of HeNe 
gas laser switch-mode power supplies 
that will fit any manufactured tube. The 
various sized and topology AC and DC 
models are UL, IEC, CSA, ETL, and 
TUVcertified. 
~ L'L '""O["'"l20L"'"t:i -e" o 0 0  0 Address correspondence to: Box 191117 Little Rock, Arkansas 72219-1117 501-568-1995 Plant location: 7925 Mabelvale Cutoff Mabelvale, Arkansas 72103-2213 Fax 501-568-1994 ~IIIiiIii-' ___ ' E-mail: Sales@PowerTechnology.comHomePage Address: www.PowerTechnology.com 
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This month, we announce the w inners of your 1996 
Readers' Choice Awards for top products of the 
year, including the Gold Medal Winner for Product 
of the Year, Working Model 3DTM modeling, simu-
lation, and analysis software from Knowledge 
Revolution, San Mateo, CA. See pages 24-25 for 
more information on the Product of the Year, as 
well as your choices for the " rest of the best" prod-
ucts of 1996. 
Image courtesy of Knowledge Revolution 
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Don.t be Blown Away by Software 
That Can't do Fluid-Object Interaction. 
Smoke dramatizes the airflow. Notice the flow pattern 
near the two narrow ribs (the wider rib carries the wires). 
The fan's designers may have thought thinner ribs would 
result in a better design. 
The first narrOw rib stirs up turbulence, which is made 
worse by the second narrow rib. Turbulence generated by 
the narrow ribs blocks airflow in 1/3 of the fan. The wide 
rib tends to smooth and straighten the airflow. 
We performed a fluid-object interaction analysis using dynamic boundary conditions to 
see if this 12-volt computer chip fan could be improved. We found serious turbulence 
caused by the narrow ribs. 
~I 
I 
I 
Based on this simulation, we believe ,----.......,. 
the design could be improved to: 
o increase the flow rate. 
19 reduce the power 
reqUirements. or 
8J make a smaller Jan. 
When the Engineering 
Has to be Right ™ 
Algor, Inc. 
150 Beta Drive, Pittsburgh, PA 15238-2932 USA 
Phone: + 1 (412) 967-2700 
For More Information Write In No. 566 
Fax: +1 (41 2) 967-2781 
California: (714) 564-0844 
Europe (UK): +44 (1) (784) 442 246 
E-ma I: info@algor.com 
Copyright © 1997, Algor, Inc. 
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Paraso/id VB.O solid modeling software from 
EDS Unigraphics, Maryland Heights, MO, was 
used to create this runner of a Kaplan turbine 
for Sulzer Hydro, a water turbine manufacturer. 
The software is one of 12 design/modeling pro-
grams highlighted in the Special Focus on 
Computer-Aided Design & Engineering, which 
begins on page 30. 
Photo courtesy of EOS Unigraphics 
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What kind of Computing device do YOU need? 
Ani! you r problems too big for you r computer? Are 
you do ing more wa Iting than work ing? Then you need 
the newest HAL wo rkstation. the HALstation"385. 
The 385 is a 64-bit super workstation. powered by 
the aston ishingly Fast SPARe 64-11. and boasting the 
highest memory throughput available. Just the thing fo r 
solving the toughest enginee ri ng and research problems. 
like all HALstations. the 385 runs our fully Solaris-
o 
a... 
N 
L 
compatible 64-b it DIS. so it fl ies by the UltraSPARC 
with 40% better perFormance. While still running all your 
SPARC/Solaris applications. 
Best of all . the 385 is under $20K. And if you book 
before March 1st, we'l7 throw in a memory upgrade, free. 
Call us at 1-800-425-0329 or drop in on www.ha1.com 
It's the computing 
device you really need. now. 
T lt1 E 
._-
HAL.utt ... 1I~ 
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You've got ideas. But do you have the 
tools to visualize them? You do with 
lIP Technical Computing Systems. The 
leading price-performance HP UNIX*-
and Windows· NT-based workstations 
and scalable supercomputers give 
you powerful graphics capabilities and 
real-time data analysiS. So in addition 
to running world-class applications 
quickly and collaborating instantly with 
colleagues, you can make your vision 
a reality. Please call 1-888-844-6547 
or visit w ww.hp.com/go/ technical 
lnwO' ~sv of Enimtemg AIwnPon. me.. l.an4sc..pt ptIoto courtuy Gf NaDDNl 
Spae. Sci.ne. Dill Cenltr UNIX II • rlUtlhlred tr.d.",.rt _n the U,S 11Id 
~t:tr~~~;~i'dl'~:~:~d.~X::~~~!,~rC~~ :,o,r;~~~:~;:c~~rd ~~~~~ 
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Fli;- HEWLETT® 
~~ PACKARD 
REAL-TIME 
VIDEO ON 
COMPUTERS 
12 
SIMULATION SURVEILLANCE 
INTERACTIVE VIDEO DISC TR A INING 
ROB O TICS I NDUSTRIAL CONTROL 
V IDEO TEL E CONFER E NCING 
SUPER VIEW~ OFFERS 
Up to 6 rea l t ime video windows 
Windows scaleable to fu ll screen 
Optional inputs for FLI R, radar, 
VGA and medical imagers 
Text and graph ics overlays on 
video 
Compatibility with all high 
resolution graph ics controllers 
Video windowing systems are available in 
standalone and board level configurations 
~.~ 
(;]~m 
~. 
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GET THE MACHINE 
0 2 
D ESKTO P WORKSTATION 
$7,495 
HIPS MOOt 'IOMHZ PROCESSOR 
ll·alT OOUBLE~.UFFEkED GRAPHICS 
HAftOWAflE T£XTUftE HAPPING 
IMAGE PROCESSING ENGINE 
VIDEO COMPRESSION ENGINE 
WEa· INTEGlItATED USER ENVIRONMENT 
'''M8 fCC SOItAH 
1GB SCSI SYSTEM DISK 
11- MONITOR,. li.OXltl" 
IOOI"SETXIlaBASET ETHERNET 
CD-ROM 
SiliconGraphics 
Computer Systems 
www.sgt.com/Ol. 
without paying for it. 
You waD[ high performance 3D solid modeling. You waD[ integrated Video and Web technology 
that improves collaboration and shortens development time. You want realistic texture mapped 
assemblies allowing you to make confident design decisions. You just don't want to pay what that 
kind of machine costs. Fortunately, we're not asking you to. Because 02~ has an unmatched com-
bination of CPU and graphics performance, along with unparalleled video and imaging capabilities. 
It comes at a price competitive with machines that appear downright ineffectual by comparison. 
It's alJ due to an innovative Unified Memory Architecture driven by either a MIPS- R5000~ or more 
powerful MIPS- Rl0000~ CPU. So see our Web ire or call us for more infortnation at 800.636.8184, 
Dept. LS0055. Because to get all this without paying for it, you're going to need to get it from us. 
............................ . See what 's possible 
OIt17~~ __ M",;a,--.sac-~_ .. sac-GnpIIa ... ..,.,.....,~ ... ~ __ .... ·',--..._~oI __ GnpNa."-c.PWS ..... IWSIIUSC~,...,..Ioto_,.......,.~ 
.... ,0000 ... RSQlO ............ dl9S T ......... IN.. 
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NASA 
Commercial 
Technology 
Team 
NASA's R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA's 
national network of commercial technology organizations. The network includes ten NASA field cen-
ters, six Regional Technology Transfer Centers (RITCs), the National Technology Transfer Center 
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (206) 683-1005 for the FLC coordinator in your area. 
NASA's Technology Sources 
If you need further information about new technologies presented in NASA Tech Briefs, 
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is 
not available, the Commercial Technology Office at the NASA field center that sponsored 
the research can provide you with additional information and, if applicable, refer you to the 
innovator(s). These centers are the source of all NASA-developed technology. 
Ames Research Goddard Space Johnson Space langley Research Marshall Space 
Center flight Cenlllr Center Cena Aight Cenlllr 
Selected techno- Selected techno- Selected techno- Selected techno- Selected techno-
logical strengths: logical strengths: logical strengths: logical strengths: logical strengths: 
Fluid Dynamics; Earth and Artificial Aerodynamics; Materials; 
Ufe Sciences; Planetary Intelligence Flight Systems; Manufacturing; 
Earth and Science and Human Materials; Nondestructive 
Atmospheric Missions; LlDAR; Computer Structures; Evaluation; 
Sciences; Cryogenic Interface; Sensors; Biotechnology; 
Information, Systems; ute Sciences; Measurements; Space 
Communications, Tracking; Human Space Information Propulsion; 
and Intelligent Telemetry; Right Operations; Sciences. Controls and 
Systems; Command. Avionics; Sensors; Dr. Joseph S . Dynamics; 
Human Factors. George Alcom Communications. Heyman Structures; 
Bruce Webbon (301) 286-5810 Hank Davis (804) 864-6006 Microgravity 
(415) 604-6646 gaicom@gsfc. (713) 483-0474 j .s.heyman Processing. 
bwebbon@mail. nasa.gov hdavis@gp101.jsc. @/arc.nasa.gov Harry Craft 
arc.nasa.gov nasagov (205) 544-5419 
Jet Propulsion harry. craft@msfc. 
Dryden Flight Laboratory Kennedy Space nasa.gov 
Research Center Selected techno- Center I.8wis Research 
Selected techno- logical strengths: Selected techno- Cena 
logical strengths: NearlDeep- logical strengths: Selected techno- Stennis Space 
Aerodynamics; Space Mission Environmental logical strengths: Center 
Aeronautics Engineering; Monitoring; Aeropropulsion; Selected techno-
Flight Testing; Microspacecraft; Sensors; Corrosion Communications; logical strengths: 
Aeropropulsion; Space Protection; Energy Propulsion 
Flight Systems; Communications; Bio-Sciences; Technology; Systems; 
Thermal Testing; Information Process Modeling; High Test/Monitoring; 
Integrated Systems; Work Planning! Temperature Remote Sensing; 
Systems Test Remote Sensing; Control; Materials Nonintrusive 
and Validation. Robotics. Meteorology. Research. Instrumentation. 
Lee Duke Merle McKenzie Bil/Sheehan Ann Heyward Kirk Sharp 
(805) 258-3802 (818) 354-2577 (407) 867-2544 (216) 433-3484 (601) 688-1929 
duke@Iouie.dfrf. merle.mckenzie@ bil/sheehan-1@ ann.o.heyward@ ksharp@ 
nasagov ccmai/.jpl.nasagov ksc.nasa.gov lerc.nasa.gov ssc.nasa.gov 
NASA-Sponsored Commercial Technology Organizations 
These organizations were established to provide rapid access to NASA and other federal R&D and 
foster collaboration between public and private sector organizations. They also can direct you to the 
appropriate point of contact within the Federal Laboratory Consortium. To reach the Regional 
Technology Transfer Center nearest you, call (800) 472-6785. 
Ismail Akbay 
National Technology 
Transfer Center 
(BOO) 678-6882 
Ken Dozier 
Far-West Technology 
Transfer Center 
University of Southem 
Califomia 
(213) 743-2353 
Dr. William Gasko 
Center for Technology 
Commercialization 
Massachusetts 
Technology Park 
(508) 870-0042 
J. Ronald Thomton 
Southern Technology 
Applications Center 
University of Florida 
(904) 462-3913 
Gary Sera 
Mid-Continent 
Technology Transfer 
Center 
Texas A&M University 
(409) 845-8762 
Lani S. Hummel 
Mid-Atlantic Technology 
Applications Center 
University of Pittsburgh 
(412) 383-2500 
Chris Cobum 
Great Lakes Industrial 
Technology Transfer 
Center 
Battelle Memorial 
Institute 
(216) 734-0094 
NASA ON-LINE: Go to NASA's Commercial Technology Network (CTN) on the Wor1d Wide Web at 
http://nctn.hq.nasa.gov to search NASA technology resources, find commercialization opportunities, 
and learn about NASA's national network of programs, organizations, and services dedicated to tech-
nology transfer and commercialization. 
NASA Program Offices 
At NASA Headquarters there are 
seven major program offices that 
develop and oversee technology pro-
jects of potential interest to industry. 
The street address for these strategic 
business units is: NASA Headquarters, 
300 E St. SW, Washington, DC 20546. 
Gene Pawlik 
Small Business 
Innovation Research 
Program (SBIR) 
(202) 358-4661 
gpawlik@oact.hq. 
nasa.gov 
Dr. Robert Norwood 
Dllice of Space Access 
and Technology (Code X) 
(202) 358-2320 
morwood@oact.hq. 
nasa.gov 
Philip Hodge 
Dflice of Space Flight 
(Code M) 
(202) 358-1417 
phodge@osfms1.hq. 
nasa.gov 
Gerald Johnson 
Ollice 01 Aeronautics 
(Code R) 
(202) 358-4711 
gjohnson@aeromail. 
hq.nasa.gov 
Bill Smith 
Dflice 01 Space Sciences 
(CodeS) 
(202) 358-2473 
wsmith@sm.ms.ossa. 
hq.nasa.gov 
Bert Hansen 
Dllice of Microgravity 
Science Applications 
(Code U) 
(202) 358-1958 
bhansen@gm.olmsa. 
hq.nasa.gov 
Granville Paules 
Dflice 01 Mission to 
Planet Earth 
(Code VI 
(202) 358-0706 
gpaules@mtpe.hq. 
nasa.gov 
NASA's Business Facilitators 
NASA has established several organi-
zations whose objectives are to estab-
lish joint sponsored research agree-
ments and incubate small start-up 
companies with significant business 
promise. 
Karen Robbins 
American Technology 
Initiative 
Menlo Park, CA 
(415) 325-5353 
Dr. Jill Fabricant 
Johnson Technology 
Commercialization 
Center 
Houston, TX 
(713) 335-1250 
John Gee 
Ames Technology 
Commercialization 
Center 
Sunnyvale, CA 
(408) 734-4700 
Dan Morrison 
Mississippi 
Enterprise for 
Technology 
Stennis Space 
Center, MS 
(800) 746-4699 
If you are Interested in Information, applications, and services relating to satellite and aerial data for Earth resources, contact Dr. Stan Morain. Earth Analysis Center, (505) 2n-3622. 
For software developed with NASA funding, contact the Computer Software Management and Information Center (COSMIC) at phone: (706) 542-3265; Fax: (706) 542-
4807; E-mail: http://www.cosmic.uga.edu or service@cosmic.uga.edu. 
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Serious data a~uisition professionals 
have no time for nostalgia. · 
1922 
-9~v4 C[)ala v4cqutsttiOI\ CBoa~d 
c. 1984 
No wonder so many of you have switched to one of the 
Data Translation high-performance, low-cost PCI _EZTM boards. 
Unmatched Price/Performance 
Data Translation PCI·EZTM data 
acquisition boards for the PCI bus 
provide the best price/perfor· 
mance available in the market 
today. Unlike ISA·based boards, 
the performance of the PCI·EZ 
boards isn't limited by the bandwidth 
of the bus. The PCl-FZ boards allow 
simultaneous analog input, analog 
output, and digitall/O operations 
without compromising dara integrity 
or adding lots of expensive memory. 
In addition, the lreIllendous performance of our family 
of Pel·based products is offered at the same price as 
an lSA·based board. The result is that Data Translation 
boards are, by far, the best value in the industry. 
New Technology vs. Old 
Because PC! is the bus of the 
future, you are protecting your 
data acquisition investment 
by selecting one of our PCl·EZ 
boards. Like many other tech· 
nologies, lSA is quickly becoming 
obsolete and inadequate in meeting 
the needs of today's data acquisition 
professionals. Don't settle for 
yesterday's technology. Meet your 
needs of tomorrow with PCl·EZ. 
Protect your Software Investment 
DT·Open Layers® provides a set of open standards for 
developing software under Wmdows® 3.1, 95, and Nf. 
Now you can change your operating system or or board 
without rewriting your data acquisition program. 
Solution Partners Program 
Through our expanding Solution Partners Program, 
Data Translation provides an extensive range of 
compatible third party applications software. ow, 
your data acquisition needs are conveniently met by 
one company-Data Translation! 
So call us today, and discover (or }'OurseJf why PCl· EZ 
is such a great find! 
1-800-525-8528 
INTERNET: hnp://www.datx.com 
E WL: info@datx.com 
DAR TRANSLATION 
World Headquarters: (508) 481-3700, UK Headquarters: 0118 979 3838, Gennany Headquartert: (07142) 95 31-0 
Data Translation and IIT-{)pen layers are l!Qistered b3dernaI'IIs of Oat! Translation. Inc. PCI·EZ is a Ir.Jdema/1( of Oata Translalion.1nc. Windows IS a regIStered Ir.IOemaIlt of Microsoft CoIpo!abon 
For More Information Write In No. 575 
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Reader Forum 
Reader Forum is devoted to the tlwughts, concerns, questions, 
and comrrumts of our readers. If you have a comment, a ques-
tion regarding a sPecific technical problem, or an answer to a 
question that appeaTed in a recent issue, send your letter to the 
addTesS below. 
(Editor's Note: The following letter was sent in response to a January 
Reader Forum request from Nicholas Oshana Jr., who was seeking sources of 
graphite and other light materials.) 
I don 't have any specific answers, but I do have two direc-
tions to take to find sources of graphite fabric and other 
sources/techniques for building strong, light structures. First, 
look into the experimental aircraft market, which is using 
exotic construction methods. Start with magazines in the 
local library, then call some of the smaller airports, and look 
for people who build experimental light aircraft. Also, try the 
Experimental Aircraft Association in Oshkosh, WI. The sec-
ond place to look is in the model airplane area. Find some-
one who is familiar with the new model-building techniques. 
Graphite is being used extensively to add considerable 
strength to composite structures - balsa wood plus graphite 
strips, in many cases. 
Robert M. Groh 
Blue Springs, MO 
The NASA software library shows that NASA has perfect-
ed an image-compression technique based on the storing of 
fractal equations vs. the image itself The technique has 
been developed for the mainframe only. I am looking for an 
application for DOS and/or Windows. Presently, image stor-
age on a Pc, even after compression, averages 10 to 28 
Kbytes. The fractal compression technique, as I understand 
it, would allow a single-page image to be reduced to a fixed 
8 Kbytes, but would eliminate the ability to store the 256 
shades of gray available with less efficient techniques. This 
would be a boon to PC users with applications limited to fax 
characteristics (binary, black/white). Can NASA Tech Briefs 
readers help? 
Joseph M. Hunter 
Systems Design Strategies 
Laytonsville, MD 
The solution to using high-velocity water to recycle munitions 
in an environmentally safe manner was found in NASA Tech 
Briefs. Thanks to NASA, we were able to take a sy.stem from 
conception to market in less than nine months. Thank you! 
Paul Miller 
Hopkins, MN 
Send your letters to the Editor at: 
Reader Forum, NASA Tech BriefS, 317 Madison Ave., 
Ste. 1900, New York, NY 10017. 
Fax: 212-986-7864; E-mail: ntb_edit@interramp.com 
Please include your name, company (if applicable) , 
address, and phone number or E-mail address. 
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Only Bentley's comprehensive mechanical engineering 
products do it all in a single system. IicroSt8tion Modeler-: Provides all of the 
Here's where it all comes together. Now you can design, document information you need for design and manufacturing, 
and share your ideas all within a fully integrated environment. including as embly management and simulation. 
Bentley has assembled a complete offering of mechanical l\IicroStatioo- l\lasterPicce~: An intuitive 
engineering products. Products that cover every aspect of vi ualization tool for advanced rendering and 
mechanical engineering design, streamlining every step of your 
workflow. Bentley's Single Engineering Model helps you move 
through the product cycle from conceptual design to 
manufacturing, through simulation, analysis, preproduction, 
engineering and manufacturing. When you make changes to your 
design, all components-including documentation-are updated 
automatically, virtually eliminating errors and omissions. 
The Bentley Engineering Back Office'" range of products unites 
desktop engineering systems with enterprise IT and database 
systems for information haring via the Internet. Best of all, our 
products are scalable to meet tlle demands of your projects-
bringi.ng together best-in-class applications into a single, 
powerful solution. 
Go from concept to final design with Bendey. Call 
1-800-BE: rrLEY for a free demo CD or visit ,,,,,,\V.bentley.com. 
mechanism simulations. 
l\IicroStation Teaml\late~ 96: A robust workflow 
and document management product. 
COS 108JM- DESIGNER ll: For fully integrated 
structural analysis usinll tate·of·the-art FFE-
(Fast Finite Element) anal) is technology. 
ADAMS·/MS lechaoisms: For as embly imulation, 
e\'aJuation of motion paths and caJculation of joint 
force . 
ESPRJT~IS~: An inte~rated ran/\e of bect metal 
desi,i!n and manufacturin~ products. 
loldDcsign-: An innovati"e product for designing 
mold bases for the injection mold industry. 
610-45 ·5000· 800-BENTLEY - FAX: 610-458-1060 • www.bentley.com 
MicroStanon and MicroStation Modeler are registered uademarlts; Engineering Back omce. MasterPiece, TeamMate. MoldDes~, Bentley and the "8" Bentley 
logo are trademarks of Bentley S)'Stem., Incorporated. COSMOSI!>! and FFE are registered uademarks of Structural Researcb & Analysis Corp. ESPRIT/MS is • 
trademark of DP Technology Corp. ADAM is a regislered trademark of Mechanical Dynamics, Inc. 0 1997 Bentley Systems, Incorporated 
For More Information Write In No. 650 
BENTLEY 
., 1996 Coonpoq Compul<r C"'l"'ntioo AU nghu """,..j Coonpoq ",,,,uN u. S P.l<nund Tnd"nut Ollie. . C""'P"l Prof."""'.! W,ohuuon u • ,""ut<r<d tn<km.ui< of 
eomp.q Compul<r Co.pontion n.. Inid 1m.!. Logo.nd Prouum '" "'gut<r<d tndtmuL .nd "'" P<nuum Proc<uor Logo.nd "'" P<nOum Pro ProttuOr Logo '" tndtmuL 
of lntel Corponuon All othrr bnods .and product ru..me:s ~ lndt-marb or rt-gl tUN tndrmarb of their respectJYe ~$ In~. ~~ an be T\"~ ~t 1-800-567· 1616 
With all due re pect to Rl C/UNIX -based systems, we think you'll find the Compaq Professional 
Workstation offers something that's been orely mi ing in proprietary workstations_ amely, freedom. 
To begin with, you'll have plenty of power to run your specialized applications. Thi is made 
possible through a range of cutting-edge performance features. Including Compaq's advanced system 
architecture which is optimized fOT Windows· T and can run up to two Pentium- Pro proce sors. And 
because our workstation is based on open systems standards, you'll find it will integrate easily into your 
distributed 
exi ting network. So instead of having to work within the constraints of a proprietary 
system, you'll have th flexibility to accommodate your needs, whatever they are. Of 
course, with Distributed Access, you'll also be assured of a transparent connection 
to all the information you need throughout your enterprise. Even in RISC/U IX environments. 
Another benefit is the result of our partnerships with leading independent software vendors 
like Adobe, Autodesk, Bentley, ED Unigraphics, Kinetix, PTC, DRC and SoftImage. Because these 
solution have been thoroughly tested, you'll get optimum performance and compatibility. 
Finally, our workstation provides a lower cost of owner hip-not only through price: performance 
but also through Compaq's industry-leading management features 
and comprehensive service and support programs. Including 
hundreds of reseUers pecially trained for your market. 
All said, the Compaq Professional Workstation is unlike 
any workstation you've ever used before. Which, of cour e, i 
exactly the point. For more information on Compaq 
workstation or OJ tributed Access, visit us at 
www.compaq.com or call 1-800-318-7774. 
So what's under the hood? J-2 200MHz Pentium· Pro processors with NT 4 .0, a 256K cache, up to 512MB 
tf ECC DIMM memo,)" an Ultra-Wide SCSI controller, and advanced 2D/3D araphics accelerators. 
COMPAQ 
Ha It Changed Your Life Yet? 
For More Information Write In No. 643 
Hasbro, the Pawtucket, RI-based toy 
manufacturer, has teamed with NASA's 
Langley Research Center to develop a 
flying foam glider. The polyethylene 
foam Nerf glider had to be designed so 
that a child could fly it without any 
knowledge of aeronautics. Since previ-
ous attempts to construct a toy foam 
glider had been unsuccessful, Hasbro 
contacted the Center for Technology 
Commercialization, NASA's Regional 
Technology Transfer Center (RTTC) 
in Rhode Island. The crc put Hasbro 
designers in touch with Langley to pro-
vide a~sistance in improving the flying 
distances and loop-to-loop stunt of its 
prototype gliders. 
Ray Whipple, a Langley aerodynam-
ics specialist who tests models of fight-
er planes, researched the problem and 
elicited help from two retired Langley 
researchers and model airplane spe-
cialists, Dave Robelin and Hewitt 
Phillips. With help from the Langley 
team, Hasbro designers learned about 
the physics of designing and flying glid-
ers, including where to best locate the 
wings on the glider's fuselage and the 
proper angle for its tail surfaces. Said 
Hasbro's senior design director, Todd 
20 
W. Wise, "Who knows better how to 
make things fly than NASA?" 
Four Nerf gliders - two stunt and two 
long-distance - are already on the 
shelves of Walmart and Kmart stores. 
The gliders are unique to the toy indus-
try: they fly and perform on the basis of 
their design and are propelled by 
throwing, rather than using a sling-shot 
or other launching device. They retail 
for between 7.99 and 10.99, depend-
ing on the model. 
For more information, contact A. Donald 
Steinman of the Center for Technology 
Commercialization at 580 Ten Rod Rd., 
North Kingstown, Rl 02852; Tel: 401-294-
4400; Fax: 401-295-2825. 
NASA and American industry have 
teamed to advance semiconductor 
technology, which might lead to break-
throughs in the next-generation com-
puter microchip electronics industry. A 
four-party agreement, signed at the 
Technology 2006 conference and 
exhibition last October, brings to-
gether NASA's Goddard Space Flight 
Center; Tinsley Laboratories of Rich-
mond, CA; SEMATECH, a not-for-
profit, industry-
funded consor-
tium located in 
Austin, TX; and 
Silicon Valley 
Group Lithog-
raphy Systems 
of Wilton, cr. 
The High 
Precision Optics 
Joint Sponsored Research Agreement 
USRA) provides a means for Goddard 
to help further the state of optical art 
and optical system technologies. The 
center is established as a leader in the 
advancement of ultraviolet mirror 
technology, and will provide UV sys-
tems, facilities , and other technical 
expertise. In return , Goddard will ben-
efit by having higher precision optic 
for future space missions. 
For more information, contact Donna 
Drelick of Goddard's Office of Public Affairs 
at 301-286-7995. 
As you ' re cruising down the highway, 
keep an eye out for the top-of-the-line 
1997 Mercedes Be nz automobiles. 
They feature ASA-developed technol-
ogy that may some day enable cars to 
guide themselves. The Auto Collision 
Avoidance Radar System (AGAR), a 
semiconductor / diode technology de-
veloped at NASA's Lewis Research 
Center, i mounted in the automobile's 
grill to alert drivers if they are in dan-
ger of colliding with an object or 
another car, and to help drivers navi-
gate in the dark or in fog. 
The system consists of a GIffin diode 
that produce radar waves, a detector, 
and a microprocessor. The microproces-
sor analyzes radar waves reflected from 
obstacles in front of the car, alerting the 
driver if the car is in danger of a colli-
sion. Litton Industries. a manufacturer 
of the diode, worked with the University 
of Vrrginia and NASA Lewis to develop 
the device. Based on the results of their 
The four models of foam Nerf gliders 
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Multiple Pages Intentionally Left 
Blank 
Readers' Choice 
Silver 
Field WorkStation ™ 
Computer 
The FW7600 Field WorkStation ™ 
laptop computer from FieldWorks, 
Eden Prairie, MN. boasts a MIlr 
SPEC rugged design for shock 
and vibration resistance. and 100 
MHz 486 or Pentium processors. 
Operating on AC, battery, or 12V 
DC input power, the computer 
feature multiple slots: one PCMClA and three ISA 
for the standard model, and one PCMCIA plus 
three ISA or three PCI (or any combination of the 
two) for the Pentium modeL It weighs only 14.7 
pounds, and incorporates a Field MousePad point-
ing/drawing device, integral CD-ROM drive, and a 
one-piece chassis. 
Readers'Choice 
Bronze 
LeCroy Digital Storage 
Osci Iloscopes 
The LC334 and LC534 
families encompass six 
high-performance. color, 
digital oscilloscopes for 
waveform capture display, 
measurement, and analysis. 
An Analog Persistence 
mode and 9" CRT displays allow signals to be 
viewed using the entire screen. The four-channel 
scopes offer an acquisition memory of up to 2 mil-
lion points per channel, which can be combined 
for up to 8 million points in single-channel mode. 
Diagnostic, troubleshooting, and documentation 
tools are included; PCMClA III capability is 
optional. 
Readers' Choice Finalists 
Solid Edge™ CAD software 
Intergraph Corp., 
Huntsville, AL 
Onyx InfiniteRealityTM 
visualization supercomputer 
Silicon Graphics, 
Mountain View, CA 
SensorPulse™ analog 
signal processors 
Interactive Process Controls Corp., 
South Easton, MA 
Modular computer 
plug-in instruments 
Nomadics, 
Stillwater; OK 
liJ ScopeMeter® B dual-channel test tool Fluke Corp., Everett, WA 
SafetyPosit software-based 
data backup service 
Software Partners/32, 
Topsfield, MA 
Electronic Product Definition 
software suite 
Computervision, Bedford, MA 
Euclid Quantum 
CAD/CAM/CAE/PDM 
software suite 
J.Watra Datavision, Andover, MA 
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Yeast, grail! 
and water can 
be used to 
make really 
fine beer. 
Or,!orthal 
matter, really 
fine trimelhyl-
eneglycol. 
C 1996 DuPont 
) 
• 
doing it fo r 4,000 years. 
The transformation of sugars into alcohol by micro-
scopic organisms has been known for a very long time. 
But only since tbe advent of genetic engineering is i( 
feasible to lhink about harnessing the sophistication of 
biological systems to create molecules that are difficult to 
synthesize by traditional chemical methods. 
For example, the polymer polytrimethylene terephtha-
late (3GT) has enhanced properties as compared to 
traditional polyester (2GT). Yet commercialization has 
been slow to come because of the high cost of making 
trimethylene glycol (30), one of 3Gf's monomers. 
Working the bugs in 
The secret to producing 30 can be found in 
the cellular machinery of certain unrelated 
microorganisms. Some naturally occurring 
yeasts convert sugar to g1ycero~ while a few bacteria 
can change g1yceroJ to 30. The rub is that no single natural 
organism has been able to do both. 
Through recombinant DNA technology, an alliance of scien-
tists from DuPont and Oenencor International has created a 
single microorganism with all of the enzymes required to tum 
sugar into 30. This breakthrough is opening the door to low-
cost, environmentally sound, large-scale production of 30. 
The eventual cost of 30 by this process is expected to 
approach that of ethylene glycol (20). 
is no longer 
necessary A polymer for your thoughts 
o star! with The 3GT polymer produced using our biosynthesized 
a barrel of monomer has properties that exceed those of normal poly-
I to produce ester. It is resilient and can be molded or extruded into fibers. 
:hemicals. The fibers are heat-settable and can be stretched at least 15 
:om. beels. 
ice-elle1/ 
IQlatoes-
Ilakegreaf 
~ed Siocks. 
percent and recover without permanent «creep." They are 
stable to moisture and resistant to most 
common food stains, yet can be readily 
dyed using the same colors as conven-
tional polyester We foresee applica-
'ons in markets such as apparel, 
home furnishings, upholstery 
fabric and carpet for 
Ulomobile inte-
riors. Even 30 
~' "j[" ,-.,J~,v. ba numerous 
ap Hcations. 
By combining it with various organic acids, polyols can 
be made as precursors to polyurethane elastomers and 
synthetic leathers. 
A break for the environment 
The 30 fermentation process requires no heavy metals, 
petroleum or toxic chemicals. In fact, the primary material 
comes from agriculture-glucose from cornstarch. Rather 
than releasing carbon dioxide to the atmosphere, the process 
actually captures it because com absorbs CO2 as it grows. All 
liquid effluent is easily and harmlessly biodegradable. What's 
more, 3Gf can readily undergo methanolysis, a process that 
reduces polyesters to their original monomers. Post-con-
sumer polyesters can thus be repolymerized and recycled 
indefinitely. 
Can you plav a role? 
Throughout DuPont's history, many of our biggest contribu-
tions have come to market through collaboration with other 
companies. Development of 3Gf could involve partnering 
with companies active in traditional polymer processing, 
separations technologies, recombinant DNA techniques, 
corn wet-milling and fermentation. If you possess these 
skills, or have ideas for end-use apptications, we d like to hear 
from you. Fax us on company letterhead with an indication of 
your interests to: DuPont, Dept m: 302-695-1615. Please 
limit your correspondence to nonproprietary public-domain 
information only. 
C[[JPON)) 
Cemfortable. 
easy-care 
apparel may 
soon be 
made with 
/ibersspun 
from 
chemicals 
fhathave 
been 
fermented 
jromsugar: 
Better things for better living 
For More Information Write In No. 592' 
Gui~ Robots With the 
Help or Capaciflectors 
Robust High-
Temperature Microstrip 
Antennas These subsy tern would help the 
manipulators avoid collision with ob ta-
cles and guide the manipulators in fmal 
approach and oft contact with the 
intended objects. 
The propo ed iC-based micro trip 
antennas could with tand operating 
temperature up to 500 · C and higher. 
They wouJd be rugg d and abrasion-
resi tant and could be u eful on pace-(See page 44.) 
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MUCH MORE THAN 
A PRETIY PICTURE (FRAME) 
Our competitors say, "Oh, Cardinal's just a picture frame company!" Sure, we 
manufacture picture frames, but that's just one of the many markets where we 
shine. Just take a look at this 6-hole, multi-hollow extrusion piece ... 
MOST E:TRL'DERS WOlLO 'T EVE. QUOTE rilE JOB ••• 
They claimed it was too difficult to economically manufacture due to its 
difficult shape, varying wall thicknesses, and extensive fabricating. 
•.. BLT C RDINAL COL'W, Al D DID IT ALL! 
Extruding the complex profile was the easy part. What 
kills our competition is their tremendous cost in 
tooling and the numerous set-ups ... 
FABRICATED I . 10 roll 'TES! 
Our fully automated, multi-functional 
fabricating equipment allowed us 
to completely fabricate this 
component in one work 
cell in less than ten 
minutes! THE BIG FI I H 
Next we applied our 
standard decorative etch 
black anodize-one of over 20 
anodizing colors available. We also 
offer over 60 stock powder coat finishes, 
five 2-step architectural hard coats, plus any 
custom match-all with the surface finish of 
your choice. And with our Image Graphics, your 
extrusions can look like any material! 
ALL THIS FROM A SI, 'GLE SO RCE •.. 
Extruding, fabricating, finishing-oh yea, and picture frames--
it's all here at Cardinal, your single source for high-tech 
aluminum extrusions since 1946. Give us a call today. 
For More Information Write In No. 403 
craft, aircraft, and in automotive colli-
ion-avoidance system . 
(See page 4 .) 
High-Temperature Lubrication 
With a Vaporized Liquid 
Vapor-phase lubrication can be used 
where traditional Liquid lubricants fail. 
This type oflubrication could be used in 
advanced aircraft engine where temper-
ature can exceed 300 ·C. The method is 
con idered significantly more effective 
than the use of olid lubricants. 
( ee page 58.) 
Thin-Film Thermocouples 
on Ceramics 
Platinum-based thermocouples can be 
used at temperature up to 1,500 · C. 
uch improved thermocouple are 
needed to measure the temperatures of 
advanced ceramic engine . 
( ee page 62.) 
Tetherless, Optically 
Controlled Nanorovers 
Efforts are under way to develop 
miniature, mass-producible, expendable 
robots that would weigh as little as 10 
mg. These robots would rely on two 
bimorph legs that would move in inch-
worm fashion. Applications would 
include exploration of narrow passages 
and inhospitable terrains, micropo i-
tioning, and others. 
(See page 92.) 
Actuators for Rapid Development 
of Prototypes of Robots 
A product line of gearmotor-type 
rotary electromechanical actuators has 
been de igned to accelerate and facilitate 
the development of prototype robots. 
The new capabilities exceed those of 
commercially available actuators. 
(See page 94.) 
Self-Regenerating 
Water Iodinator 
This unit can operate for many years 
without replacement or human interven-
tion. Useful Life expectancy is e timated to 
be 19 years; further refinement can extend 
the operating Life to at least 30 years. 
( ee page 110.) 
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ADINA 
The complete system for 
structural analysis, 
CFD 
and CFD with structural interactions 
ADINA 
• Linear and nonlinear analysis of 
solids and structures 
• CFD, compressible and incompressible 
flows, including heat transfer 
• Parallel processing 
z 
y~X 
Theory 
& Practice 
Prentice Hall 1996 
• Seamless connection to 
ProlE, I-DEAS and PATRAN 
• Free meshing for fluids 
and structures 
ADI A R&D, Inc. 
71 Elton Avenue . Watertown, MA 02172 • U.S.A . • Telephone: (617) 926-5199 • Telefax: (617) 926-0238 
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0- Computing Off-Design Performances of Axial-Flow Turbines 
A revised code incorporates improved mathematical models of flows and losses. 
Lewis Research Center, Cleveland) Ohio 
Preliminary studies of gas-turbine sys-
tems involve many repetitive calcula-
tions of geometries, design-point per-
formances and - particularly for 
propulsion systems - off-de ign perfor-
mances for all components. An analyti-
cal procedure and a computer program 
were originally developed to calculate 
the off-design performances of axial 
turbines. Mathematical models of flows 
and losses were used to compute per-
formances over ranges of speeds and 
pressure ratios. A review of this proce-
dure and software resulted in concerns 
that the axial-flow assumption was not 
adequate for turbines with high flow-
path slopes, and that the loss model had 
not been sufficiently tested and cali-
brated with experimental data. Conse-
quently, the flow and loss models were 
modified and calibrated on the basis of 
experimental performances of large air-
craft-type turbines. The resulting 
revised code is called "AXOD." 
The continuity calculation in the flow 
model was modified to include a flow-
path slope derived from an axial-chord-
length correlation and flow coefficient 
that have an input design value with a 
built-in reduction of two percent 
between low pressure ratio across a 
blade row and choke. The loss model 
was improved by revising the methodol-
ogy for calculating blade-row efficiency 
and calibrating the incidence-loss law. 
Efficiencies computed by use of the 
revised off-design performance model 
were compared with experimental val-
ues for seven aircraft-type turbines of 
varied design characteristics and operat-
ing over wide ranges of speed and pres-
sure ratio. The experimental values 
were generally within one percent of the 
computed values and eldom beyond 
two percent. Maximum discrepancies 
between computation and experiment 
were reduced to about half of those 
from the original performance model. 
An AXOD input file includes data for 
one or more cases, each of which con-
sists of one speed line for a range of 
pressure ratios. The input for each case 
contains a number of NAMELIST data 
sets equal to the number of turbine 
stages. Three levels of output are avail-
able. All levels provide an input echo. 
The lowest level prints only the overall 
performance, the next adds stage-
mean-line variables, and the highest 
adds the printout of all variables for all 
stations and all annular sectors. 
AXOD is written in FORTRAN 77 for 
UNIX-based computers. It has been 
successfully implemented on a Sun4 
SLC computer running SunOS 4.1.3 
and an IDM RS/ 6000 computer run-
ning AIX4 using the standard FOR-
TRAN 77 compilers. The standard dis-
tribution medium for AXOD is a 0.25-
in. (6.35-mm) streaming-magnetic-
tape cartridge (Sun QIC-24) in UNIX 
tar format. Alternate d istribution 
media and formats are available upon 
request. AXOD was released to CO S-
MIC in 1996. 
This program was written by A. J 
Glassman of the University of Toledo and E. 
E. Flagg of General Electric for Lewis 
Research Center. For further information, 
write in 76 on the TSP Request Card. 
LEW-16323 
o A Composite-Grid Method for Computing Two-
Dimensional Flows 
Both structured and unstructured grids are used. 
Lewis Research Center, Cleveland) Ohio 
A method for computing two-dimen-
sional flows bounded by complexly 
shaped surfaces involves solution of the 
avier-Stokes equations on computa-
tional grids composed of both struc-
tured and unstructured grids. As used 
here, " tructured" means having quadri-
lateral unit cells that are connected 
sequentially in both computational 
directions, while "unstructured" means 
having triangular unit cells that are not 
connected in any particular sequence 
and are related to each other in arbitrary 
ways that must be specified explicitly. 
Structured grids can readily be made 
to conform to surfaces with simple 
30 
shapes, and cells in structured grids can 
readily be clustered to provide adequate 
resolution of shocks, boundary layers, 
and other high-gradient phenomena. In 
such applications, structured grids offer 
the advantages of computational effi-
ciency plus a large body of e tabti hed 
theory and software for generating the 
grids and solving the avier-SlOkes 
equations on them. In comparison with 
structured grids, unstructured grids are 
less computationally efficient, and they 
are not as well suited to computing flows 
in regions with large gradients because 
it is difficult to cluster the cells of these 
grids. On the other hand, unstructured 
www.nasatech.com 
grids can readily be constructed from 
points on bounding surfaces, including 
surfaces with complex shapes. 
In the present method, grids of both 
types are used in a way that maximizes 
the advantageous aspects and minimizes 
the di advantageous aspects of each. 
Complexly shaped and multiply connect-
ed surfaces are partitioned into multiple, 
simply connected surface \vith simpler 
hapes. A structured grid is generated for 
computing tlle flow in the region near 
each simpler surface. In generating the 
tructured grid at each surface, it is not 
necessary to provide in advance informa-
tion for coupling of flow quantities with 
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•... CoreICAO .. .features are 
extensive and put the 
product at the top of the 
growing heap of low-cost 
CAD programs." 
3D Design, July '96 
.... the 3D product is so 
reasonably priced 
(and of course. does 
20 drawing very nicely. too). 
that it makes a Simple 
one-stop purchase. " 
CAD SYSTEMS Magazine, Aug. -Sept. '96 
·CoreICAO·s 3D modeling 
tools are-excuse the 
expression-solid ... 
rry CorelC 0 FREE!! 
:0111-800-772-8735 
Dr a fully functioning. 
3O~ay trial version! 
'£e for shipping and handf,"!! Is r!QUired. 
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3D flexibility 
of CorelCAD! 
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powerful Boolean operations. advanced blending. extrusions. 20 drafting features. symbols. models 
and more. CorelCAD will help you add a whole new dimension to all your design projects! 
Academic version also available! 
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tho e computed on grids at other ur-
face. In tead, the pace between the 
tructured grids i filled with an un truc-
tured grid that is connected to the bound-
ary points of the tructured grids ( ee fig-
ure). This compo ite-grid cherne pro-
vides flexibility for generation and epa-
rate manipulation of individual grids. 
A compo ite-grid computer code that 
implements this method con ists of three 
module ; a tructured-grid flow olver, an 
unstructured-grid generator based on 
Delaunay triangulation, and an unstruc-
tured-grid flow solver. The e module 
were adapted from previously available 
tand-alone code . Because a large part of 
the flow is computed on tructured grids. 
the compo ite-grid code was built around 
the structured-grid flow solver. which is 
called "PARC2D." The unstructured-gtid 
generator and the unstructured-grid flow 
olver are incorporated into the ptior 
architecture of PARC2D. Inputs to the 
compo ite-grid code (including iteration 
control, boundary condition, time teps, 
and grid-generator options) are entered 
through the PARC2D interface. In devel-
oping the compo ite-grid code, an effort 
was made to retain as much as po ible of 
the ptior PARC2D interface; a user famil-
iar with PARC2D could easily begin to u e 
the compo ite-grid code. 
Mlcrocal™ 
Structured and Unstructured Grids can be used, for example, in mathematical modeling of flow 
about an airfoil/nacelle installation. 
This work was done by James R. DeBonis 
of Lewis Research Center. For Jur-
ther inJormation, write in 66 on the T. 'P 
Request Card. 
Inquiries concerning rights Jor the 
commercial use oj this invention should 
be addressed to NASA Lewis Re-
search Center, Commercial Technology 
OJfice, Attn: Tech BrieJ Patent tatus, 
Mail Stop 7-3, 21000 Brookpark 
Rd., Cleveland, OH 44135. ReJer to 
LEW-16304. 
Microcal Software, Inc. 
One Roundhouse Plaza 
Northampton, MA 01060 USA 
tel: +1-413-586-2013· fax: +1-413-585-0126 
email: info@microcal.com 
WWW: http://www.microcal.com 
IS a trademark of Microcal. All other brand and product names are trademarks of their respective owners. 
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tJ Object Orientation Manipulator Program 
This program facilitates the synthesis of animated images. 
Lyndon B. Johnson pace Center, Houston, Te as 
The Object Orientation Manipulator 
(OOM) computer program i an appli-
cation program for creating, render-
ing, and recording three-dimen ional 
computer-generated still and animated 
images by use of geometrically defined 
three-dimen ional model , camera , 
and ource of light, collectivel denot-
ed as animation elements. OOM does 
not provide the means to construct 
three-dimen ional models; in tead , it 
imports files of model data in binary 
format generated b the Solid urface 
Modeler ( M) computer program. 
Model file in other formats mu t be 
converted to the SSM binary format 
before they can be u ed in OOM. SM 
i available as MSC-21914 or as part of 
the SSM/ OOM bundle, COS-I0047. 
Among the features of OOM are 
34 
Nikon Thermal Vision LAIRD 3A 
Rediscover the Infrared 
.410,000 Pixel Image Quality 
410,OOO-pixeIIR CCOs yield the highest 
resolution and uniformity. Freeze frames and 
real time thermal measurements possible. 
• AII-in-One Design 
Compact unit with all essential camera 
functions incorporated into the camera's 
main body. 
• Mulli-functional 
Standard features include 256-level color 
display, 16 temperature measuring points, 
still pictures, averaging, and 2X digital image 
processing. 
NIKON CORPORATION 
• -20·C to 2000·CISH Model (-20·C to 300·CIS Model) 
The wide temperature range enables virtually all kinds of 
temperature measuring tasks. 
• Easy Operation 
Wired remote controller directs all tasks such as lens 
focusing, temperature measurement and image processing, 
with the push of a button. 
.Plus ... 
- New Stirling Cycle Crycooler 
- Personal computer Interface 
- Full Selection of Lenses 
- True System Expandability 
Customized Industrial Supplies and Equipment Div. 
6-3. Nlsh-ohI1-chome. Shlnagawa-ku. Tokyo 140. Japan 
Phone: +81·3-5742-1821 Telela.: +81·3·5742·1825 
U.S.A.: 1201) 768-2000 
France: (1)60·11·0141 
Germany: 1089) 140·3446 
Italy: (055) 300·9601 
Web site: http://www.klt.cO·IP!Nlkon/LAIRD 
E-mail: lokkiei3@nlkongw.nlkon.co·IP 
United Kingdom: 10181) 541·4440 
Spain : (1) 570·2737 
For More Information Write In No. 405 
detection of colli ion (with visible and 
audible feedback), the capability to 
define and manipulate hierarchical rela-
tion hips among animation elements, 
tereographic display, and ray-traced 
rendering. OOM use Euler-angle tran -
formations for calculating the re ults of 
translation and rotation operation . 
OOM provide an interactive comput-
ing environment for the manipulation 
and animation of model , cameras, and 
ources of light. Models are the basic 
entities upon which OOM operates and 
are therefore considered the primary 
animation elements. Cameras and 
ource of light are con idered ec-
ondary animation elements. In OOM, a 
camera is treated as imply a location 
within a three-dimen ional space from 
which the contents of that space are 
observed. OOM supports the creation 
and full animation of cameras. Sources 
of light can be defined, positioned, and 
linked to models, but they cannot be 
animated independently. OOM can 
simul taneously accommodate as many 
animation elements as the memory of 
the host computer can accommodate. 
Once the de ired animation elements 
are present, the user can position them, 
orient them, and define any initial rela-
tion hips among them. Once the initial 
relationships are defined, the user can dis-
play individual still views for rendering 
and output, or can define motion for the 
animation elements by u e of an anima-
tion-editing option that provides a capa-
bility for interpolation. OOM provides the 
capability to save still images, animated 
equences of frames, and the information 
that describe the initialization process for 
an OOM ession. OOM provides the same 
rendering and output options for both 
still and animated images. 
OOM includes software that provides 
a robust model-manipulation comput-
ing environment that features a full-
screen viewing window, a menu-oriented 
user interface, and the aforementioned 
interpolative animation-editing option. 
It provide three display mode: olid, 
wire-frame, and simple. These modes 
enable the u er to trade off visual 
authenticity for update speed. In the 
olid mode, each model i drawn on the 
basi of the shading characteristics 
assigned to it when it was built. All of the 
hading characteristics upported by 
SSM are recognized and properly ren-
dered in this mode. If increasing com-
plexity of a model impedes the opera-
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•• A Remarkable Event ... 
In the development of scientific research tools." 
Don Madge, P.Eng., Kilborn Western Inc. 
Ma leV Maple V-The Power Edition is a complete mathematical problem-solving environment 
that maximizes your ability 
THE POWER EDITION to solve engineering math 
problems in efficient new ways. Its impressive suite of 
mathematical and graphical functions lets you concentrate 
on analysis and design. not on mathematical manipulation. 
Not Just a Black Box 
Maple V provides routines to solve equations analytically. 
manipulate matrices, visualize important phenomena, explore 
design parameters, and much more. Also, you won't be limited 
to the simple number-crunching and back- olving techniques 
used by pread heets and other engineering mathematical 
software. Maple V let you bring mathematical concepts to 
practical analysis and de igo contexts in a fraction of the time 
it would take with traditional method . 
A Complete Engineer ing Tool 
With Maple V's complete programming language, you can 
develop applications that would have taken days with FORTRAN. 
in hours or even minutes. With advanced functions, uch as tensor 
manipulation. piecewise function • and matrix decompo ition. 
you can apply Maple V' powerful mathematical knowledge to 
any technical discipline. 
Waterloo Ma Ie 
ADVANCING MATHEMATICS 
Waterloo Maple Inc. 
450 Phillip Street. Waterloo. ON, Canada 
Phone: (519) 747·2373 Fax: (519) 747-5284 
Sales: 1·8()()'267-6583 .... ~b:::::;;; 
info@maplesoft.com 
htrp· W\vw. apleso 
"Maple has allowed me to solve complex 
engineering problems symbolically. .. 
bypassing laborious numerical analysis and 
providing new insights." 
Dr. E. Barry Felstead P.Eng. 
Communications Research Center, Satellite Applications 
"Maple V allows me to consider analytical 
methods I ordinarily would have dismissed 
due to time and software limitations." 
Che tef Balestra 
Chief Engineer, McDonnell Douglas 
For More Information Write In No. 675 
tion of OOM, the wire-frame or the im-
pie mode can be used. The wire-frame 
and imple modes provide faster creen 
update than the olid mode doe . 
The creation and placement of cam-
eras and source of light i under com-
plete control of the u er. One source of 
light is provided in a default et of ani-
mation elements. It i modeled as a 
direct source of light analogou to un-
hine. As in the case of the other anima-
tion elements, OOM can accommodate 
as many ources of light as the memory 
of the host computer can accommodate. 
Animation i created in OOM by u e 
of a technique called "key frame inter-
polation," which basically means inter-
polation between frames denoted as key 
frames. First, variou program function 
are used to load models, load or create 
ources of light and cameras, and speci-
fy the initial position of each animation 
element. When the e tep are complet-
ed, the interpolation function i u ed to 
create an animation equence for each 
element to be animated. An animation 
equence consists of a number of frames 
( creen images) defined by the u er, a 
sub et of these frame being de ignated 
as key frames. The user define the po i-
tion and orientation of the active anima-
tion element in each key frame. The 
motion of the element between key 
frame is interpolated automaticall by 
the software: this saves the user from 
having to define data for each animation 
element at each frame of a sequence. 
Animation frames and till image can 
be output to videotape, color printers, 
and di k file. 
OOM i written in the C language for 
implementation on GI IRIS 4D-series 
workstation running the IRIX operating 
stem. A minimum of 8MB of random-
access memory is recommended for this 
program. The tandard medium for dis-
tribution ofOOM i a O.25-in. (6.35-mm) 
treaming magnetic IRIX tape cartridge 
in NIX tar format. OOM is al 0 offered 
bundled with SM. Please ee the 
ab tract for SSM/ OOM (COS-I0047) for 
information about the bundled software. 
OOM 6.1 was released in 1993. 
This program was written by Sharon 
Goza and S. Michael Goza of Johnson 
Space Center, Brad Bell of L incom, 
Inc. , and David orris, Erin Orgeron, 
David hores, Tom Robinson, Mark 
Manning, Kurt McMullen, and Evelyn 
Miralles of Metrica, Inc. For further 
information, write in 62 on the TSP 
Request Card. 
MSC-22263 
• Analysis and Design of Vibration-Damping 
Thick Laminates 
Laminates can be designed to include compliant damping layers for enhanced damping. 
Lewis Research Center, Cleveland, Ohio 
Improved mathematical models of 
the mechanics of thick laminated com-
posite (matrix/ fiber) materials have 
been developed for use in analyzing 
the damping of vibrations in struc-
tures made of these materials and in 
designing the structures with a view 
toward optimizing their vibration-
damping characteristics. Of particular 
importance is the aspect of these mod-
els that makes it possible to design 
laminates with embedded interlami-
nar damping layers to provide 
enhanced, tailorable damping. 
In this approach, the modeling of 
damping at the laminate level is based 
on a novel discrete-layer laminate-
damping theory (DLDT) , which incor-
porates the assumption of a discrete, 
yet piecewise-continuous displacement 
field through a laminate (see Figure 
1). The DLDT effectively captures 
both interply and intraply stresses. 
The overall damping capacity of the 
laminate includes contributions from 
extension, a combination of flexure 
and shear, and various coupling effects 
that may arise from the heterogeneous 
nature of the laminated composite 
material. The DLDT can accurately 
model the static and damped dynamic 
responses of thin and thick composite 
laminates, including those specially 
designed to incorporate compliant 
damping layers (see Figure 2) . As rep-
36 
Position Through 
the Thickness 
Position Through 
the Thickness 
~--r-Displacement ~-.....,.-Displacement 
CROSS SECTION OF 
TYPICAL LAMINATE 
CLASSICAL LAMINATE 
PLATE THEORY 
(THIN LAMINATES) 
PRESENT DISCRETE 
LAMINATE PLATE THEORY 
(THICK LAMINATES) 
Figure 1. A Piecewise-Continuous Displacement Field through the thickness of a laminated plate 
embodies the kinematic assumptions of the theory developed for analysiS of thick 
laminates. 
resented in Figure 2, laminate 1 = 
[C4/i/904h and laminate 2 
[02/ 90di/Od902Js, where i indicates 
the location of the damping layer. 
The DLDT has been incor-
porated into structural-analysis meth-
ods: In this context, an exact semiana-
lyrical method for the simulation of 
the damped dynamic respon es of 
compo ite plates has been developed. 
A finite-element method that is based 
on the DLDT and that incorporates 
a special four-node plate element 
has also been developed for the anal-
ysis of composite structures with 
www.nasatech.com 
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ounds good, but is it true? As an experiment, we a ked a 
group of MIT students to generate solution to a problem. 
Only half of the students were given the 1M-Pro software 
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• you can predict future technologies 
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Barry imon 
California Institute of Technology 
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variou hape and boundary condi-
tions. 
Among the products of the e devel-
opment efforts are three computer pro-
gram called "ICAN/DLDT," "STAT/ 
DLDT," and "THlCOPT." 
ICANj DLDT is an integrated code that 
incorporate the DLDT and that is formu-
lated for u e in analyzing the dynamics of 
thick compo ite plates and other lami-
nate. STAT / DLDT incorporate the 
finite-element method described above 
and is intended for use in analyzing and 
tailoring code for compo ite-material com-
ponents of engine. lHICOPT (Thick 
Compo ite Plate Tailoring) is a versatile, 
computationally inexpensive code for opti-
mal de ign of thick compo ite plates. 
This work was done by D. A. aravanos 
oj Ohio Aerospace Institute Jor Lewis 
Research Center. For Jurther inJormation, 
write in 81 on the TSP Request Card. 
Inquiries concerning rights Jor the com-
mercial use oj this invention should be 
addressed to it A Lewis Research Center, 
Commercial Technology OJfice, Attn: Tech 
Brief Patent Status, Mail top 7-3, 21000 
Brookpark Rd., Cleveland, OH 44135. 
ReJer to LEW-16084. 
o Software for Interactive Generation of Two-
Dimensional Grids 
Grids can be fitted to almost any two-dimensional flow geometry. 
Lewis Research Center, Cleveland, Ohio 
TIGGERC is a computer program 
for generating two-dimen ional multi-
block grids. TIGGERC can be used to 
create mixed H-, C-, 0- and I-grid 
meshes for studying any two-dimen-
sional flow problem. The code was 
written for turbo machinery applica-
tions, but it is useful for any two-
dimensional flows, including both 
exi.ernal and internal flows. The multi-
block a pect of the program provides 
FEMAp® 
High Perfonnance CAE 
for the Desktop 
flexibility for fitting grid to variou 
flow geometries. A mouse-driven inter-
face makes it possible to create and 
modify grids quickly and efficiently. 
TIGGERC generates surface grids 
by use of hyperbolic-tangent or alge-
braic distributions of grid points on 
block boundaries. The interior points 
of each block grid are distributed 
according to a transfinite interpola-
tion approach. TIGGERC has several 
FEMAP offers powerful desktop finite element pre and po t processing that is fast, accurate 
and easy to use. Geometry or finite element models can be created easily using bottom-up 
construction techniques necessary for many conceptual modeling applications. Complex 
design geometry can be accessed directly from many popular CAD systems. 
StruCTUral, thermal and dynamic performance can be solved by a wide range of FEA solvers. 
As application requirements change and new solver technologies emerge, you can easily 
integrate these technologies while remaining in the easy to use, familiar FEMAP environmenL 
The value leader in its field, FEMAP will also significantly reduce your software costs. 
With a commitment to CAD integration and a focus on the needs of the technical professional 
FEMAP is increasingly regarded as a companion to high-end FEA sy terns traditionally 
available on workstation and upercomputers. 
To discuss your needs with a FEMAP technical representative, call 610-458-3660. 
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Enterprise Software Products, Inc. 
415 Eagleview Blvd, SUllt lOS Exton, PA 19341 
610-458-3660 www.entsoflcom 
For More Informat ion Write In No. 406 
features that enable the user to modi-
fy the distribution of points in the grid 
and to obtain smooth distributions 
along boundarie, providing greater 
control of the grid-generation proces 
as well as freedom to define the cho-
en grid. 
TIGGERC was written primarily for 
axisymmetric turbomachinery prob-
lems, but the flow geometry can be 
specified in any general two-dimen-
sional coordinate system. A flow geom-
etry - that is, a et of flow-path coor-
dinates - can be created manually or 
entered as input from a data file. The 
corresponding grid can be pecified in 
cylindrical, rectilinear, or nondimen-
sional coordinates. Once the two 
dimensional boundaries have been 
establi hed, a grid can be quickly gen-
erated for any algorithm that solves 
equations of two-dimensional flow. 
The output of TIGGERC i a grid file 
in PLOT3D multigrid format. 
TIGGERC i written in FORTRAN 
77 and C language for SGI IRIS work-
stations running IRIX 4.0.5 or higher. 
It has been successfully implemented 
on an SGI Indigo 2 computer running 
IRIX 5.2. Sample executable codes are 
included. The standard distribution 
medium for TIGGERC i a 0.25-in. 
(6.35-mm) streaming-magnetic-tape 
cartridge in IRIX tar format. 
Alternate distribution media and for-
mats are available upon request. TIC-
GERC was released in 1996 and i a 
copyrighted work with all copyright 
ve ted in ASA. 
This program was written by D. P. Miller 
oj Lewis Research Center. For Jurther 
inJormation, write in 92 on the TSP Request 
Card. 
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Buy the CD and get one softcover book for an 
$191 Ideal for travel or home reading. 
See order form for details. 
Order by Phone: 
North America: 1-80 -48 L 
Europe: +44 (1) (784) 442 246 
Others: +1 (412) 967-2700 
Fax: +1 (412) 967-2781 
Questions answered in 
Dr. Spyrakos' CD-ROM and book: 
• Which type of analysis is the bast for my 
problem? 
• What is the best element type for the application? 
• How can I combine different types of elements? 
• How do I model cracks, holes and 
discontinuities? 
• When and where should I use a finer mesh? 
• How do I identify modeling errors? 
• Are my results accurate? 
• How do I interpret my results? 
Get more information on the Web: 
G oC / D 
Full-color 3-D graphics and animation 
bring FEA down to earth without all 
the confusing theories. Keep open 
as an on-screen reference guide 
while you work. 
See a sample version at 
t I. 0 , p 
549.00 
$19.00 
$89.00 
$149.00 
$50.00' 
per 
format 
type 
______ Slale _ZIp _Country_ 
Phone ( _____ Fax ( ) _____ _ 
E~I ______________ ___ 
You Have Three Ways Th Pay: 
o Charge to Credit Card No.: Dale Card Expires __ 
WII~IIIIIIIIIII 
. Bpass _Cad OVISA DIAa'sW>~ 
Card HoIde(s Name 
Authorized Signature Oate __ _ 
o Wire transfer ABA Routing Code: 043000261 
Account No.: 011).5064 Mellon Bank, Pittsburgh, PA USA 
-$ Computer-Aided Design & Engineering 
Parasolid Version 8.0 solid 
modeling software from 
ED Unigraphics, Mary-
land Heights, MO, provides 
enhanced blending, in-
cluding curvature continu-
ous blends, disc blends, 
and conic hold-line blends. 
Other enhanced features 
include non-uniform scal-
ing of models, which allows 
modeling of the shrinkage 
of molded parts; and an upgraded tapering function to allow more 
topological changes to occur when draft is applied to a model. 
A new capability. Partitioned Rollback, manages the history of 
models and quickly moves between state of a model. It enables fea-
ture-based applications to roll back a model to the point where a 
feature was added, reapply the modified feature using new model 
parameters. and reapply subsequent features to generate an updat-
ed model. 
For More Information Write In No. 746 
AliaslWavefront. Toronto. 0 , 
Canada, has introduced Alias-
Studio'" 8.0, Auto-Studio'" 8.0, 
and Alias Designer'" 8.0 3D 
design software, which include 
new features to enable inte-
grated computer-aided indus-
trial design. Cloud Fit'" allows 
designers to create 3D geome-
try from scan "cloud" data col-
lected from a physical model; 
EvaiViewer'" enable evaluation and proce sing of cloud datasets. 
The programs include a series of tools that automate a number of 
routine tasks into one-step processes for creating and editing curves; 
the ability to identify and launch the specific tool that was used to cre-
ate a particular geometric element; a draft angle/ flange feature; a 
STEP translator for configuration<ontrolled 3D assemblies; and new 
data exchange technology for transfer to CATIA-. Designer, Studio, 
and AutoStudio are available for $7,495. $24,995, and $74,995, 
respectively. 
For More Information Write In No. 740 
DesignCAD 97 2D/ 3D CAD 
software from ViaCrafix 
Corp .• Pryor. OK, provides ani-
mation and 3D walk-through 
capabilities, AVI support, and 
3D texture mapping, allowing 
users to assign textures to 2D 
and 3D objects such as marble, 
grain. wood, or cement. More 
than 200 2D drawing and edit-
ing commands are included. The 3D solid models created can be 
viewed from any perspective as shaded solids, wire frames, or as 
objects with the hidden lines removed from ight. 
The 3D animation interface allows control of rotation. scale, move-
ment, and viewing angle of individual objects in an animation. 
Specific objects in a drawing can be isolated and animated while leav-
ing other elements of the drawing stationary. The software provide 
E-mail support, as well as support of communications-related file for-
mats such as ]pC. BMP, and VRML. It operates on systems running 
Windows 95 or Windows NT and is priced at $499.95. 
For M ore Inf ormat ion Write In No. 750 
ANSYS. Hou ton, PA, has intro-
duced Design pace no engineer-
ing software, which olves engi-
neering problems by managing 
internal mathematical models. It 
is integrated into a CAD environ-
ment, providing a flexible frame-
work that allows CAD users to 
work with de ign components -
project. model, environment. 
and answers. 
Users can pick a solid from the CAD drawing. along with a material 
from a customizable library. A basic framework of design information 
can be established using drag-and-drop shortcuts. Within the envi-
ronment component, users may set environmental factors such as 
gravity and ambient temperature, as well as characterizing how the 
part interacts with its local environment. Once a model and its envi-
ronment are defined, the answers component provides tools to inter-
pret results and answer questions. It can support results output in a 
virtual reality modeling language (VRML) format. 
For More Information Write In No. 743 
Ricoh Corp., San 
Jose, CA, has intro-
duced Designbase 
5.2 surface/ solid 
modeling software, 
which performs sur-
face /solid integra-
tion. feature-based 
parametric model-
ing, and advanced 
filleting operations. 
Enhanced capabili-
ties include improved offset functions such as shelling, sharp and 
round comer offset. and offset collapsing topology. 
Other functions include ICES solid read/ write capability; faster sur-
face/surface intersection; extended surface modeling capabilities; 
and enhanced graphics functions, C++ interface, and on-line docu-
mentation. The software is available for use on all major UNIX work-
stations, as well as IBM<ompatible PCS running Windows NT or 
Windows 95, and is old on a per-seat basis. 
For More Information Write In No. 749 
CNC Software, Tolland. 
CT. offers Mastercam 
Lathe Version 6.0 CAD/ 
CAM software for con-
touring. grooving, pro-
filing. threading. drill-
ing, and point-to-point 
machining. The Win-
dows-based software 
performs turning. two-
through five-axis mill-
ing. two- and four-axis 
wire EDM, moldbase development. 3D drafting. design. and surface 
modeling. Enhanced turning features. new Caxis programming 
options. and new verification utilities that provide a quick view of fin-
ished parts, are included. 
In addition to full CAD capabilities. the program features built-in 
bidirectional translators such as ACIS solids. ICES. DXF, and ASCII. 
An optional DWC translator is available, allowing direct transfer from 
AutoCAD to Mastercam. 
For More Information Write In No. 751 
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Prices include extras 
buy. money ca n't 
What makes AutoCAD- LT so attractive isn't just the price, 
it's that it comes with peace of mind built in. Based on the 
industry standard, AutoCAD~ it's the only one of its kind 
that allows you to share files quickly and accurately with 
nearly 1.8 million AutoCAD and AutoCAD LT users world-
wide. That means you can communicate ideas and iterations 
with just about anyone in the industry, whether they're 
clients, contractors or partners. You can't buy that kind of 
access, but you can get it free with AutoCAD LT. And when 
you do, you can rest assured you're investing in a product 
line that will grow as your business grows. So don't wait. 
The sooner you put AutoCAD LT to work for you, the sooner 
you'll see just how invaluable our extras really are. 
r New AutoCAD LT for Windows® 95 
.. stln .. for Provides all the benefits of Windows 95 
.::: and Office- 95 compliance, including 
~~rDSDft. Windows NT" support. Based on AutoCAD 
~ R 13. Powerful CAD tools such as NURBS 
curves, advanced geometry and complex line types. Plus set-up 
wizards, a property painter and rea/-time pan and zoom make 
it easier than ever to use. 
r 
AutoCAD LT for Windows® 3.1 
If you're not yet ready for the move to Windows 95, you can 
still reap the benefits of AutoCAD LT for Windows 3.1 (formerly 
known as AutoCAD LT Release 2) at a new low price. Based on 
AutoCAD R 11 and R 12. 
r 
True AutoCAD Compatibility 
).. Other CAD packages claim to read and wote 
~ .DWG, but in realtty they can only translate It. AutoCAD LT's native .DWG file format means that you can share files Without worry. No long 
L ~'!.t~.~ waits as your files load, no ballooning file sizes and no translation errors. 
ISIT YOUR LoCAL RETAILER TODAY, OR TO RECEIVE YOUR FREE 
DEMOPAK, CALL 1-800-228-3601" AND AsK FOR DEMOPAK AI42. 
To UPGRADE CALL 1- 00-435-7771 A D ASK FOR O FFER J28. ~Autodesk. 
Visit our web sile for more inrormation about Autodeslc product., httpJ.www.aulodeskcom. ·OutsidetbeU .S. andCanada.fas206-860-2196 . PricinginU .S. doll.rs. estimated 
strt.t price. CerUin restriction. may apply. 0 Autodeslc, Inc. Aulodeslc, tbe Autodeslc logo aDd AutoCAD are registered trademarks, aDd Design Your World i •• trademark of 
Autodesk. Inc. Window. 95 and Windows 3.1 are regIStered trademarles and OHice Compatible and Windows NT are trademarles of Microsoft CorporatioD 
-$ Computer-Aided Design & Engineering 
cade Design AUlC>-
mation, Bellevue, 
WA, feature the 
eamle Phys-
ical De ign ~ envi-
ronment for elec-
tronics engineers 
designing inte-
grated circui ts. It 
comprise libraries, module generators, place-and route, and power 
and timing anal is capabilities linked through a ingle design database. 
Enhanced features include improved den ity, RC extraction capabili-
ties, and integrated clock tree synthesis. The new version enables the 
inclusion of third-party cores, megacells, and other types of intellectual 
property through a cell import/export capability. The program runs on 
Hewlett-Packard and Sun Microsystems workstations; prices start at 
135,000. 
For More Information Write In No. 748 
Draft-Pak* 7.55 for 
Cadkey CAD acceler-
ator software from 
Baystate Technolc>-
gie, Marlborough, 
MA, accelerates design 
and drafting opera-
tions for mechanical 
CAD. Designed for 
Windows 95, NT 3.51 
and 4.0, and Win-
dows for WorkGroups 
3.11 / 3.1, the software includes dimension and detailing feature to 
support current ASME Yl4.5M standards. 
Features include geometric tolerancing symbology, frame control 
for placement of compound symbols, and weld symbols that support 
DIN standards. Upgrades include new file management and naviga-
tion tools, enhanced animation, and a Visual Library that includes 
more than 550 symbols for fluid power, piping, electrical, sheet 
metal, and flow chart applications. The software i priced at 595. 
For More Information Write In No. 742 
Cimatronit Version 8.0 CAD/CAM soft-
ware from Cimatron Technologies, 
Burlington, 0 , Canada, includes 
enhancements such as an improved C 
machining module, which generate 
machining code directly from mixed 
solid, surface, and wireframe models. 
Technology templates store tool para-
meters and cutting modes as ASCIl files for application to other parts. 
The software combines de ign and modeling tools with command out-
put to computerized numerically controlled ( C) manufacturing 
equipment. The system's C applications operate directly on design 
model data to generate tool paths for any C manufacturing process. 
ew functions for mold makers include plit, which divides the 
part along any plane and automatically applies mold drafts; and 
Reference Face, which applie draft to faces abutting a curved sur-
face. When con trUcting models in the Solid sketcher, users can mod-
ifY geometrical dimensions and constraints dynamically by clicking 
on any element and dragging or changing its value. The oftware is 
available for PC/Windows and UNIX platforms. 
For More Information Write In No. 744 
Ashlar, San Jo e, CA, 
has introduced Vel-
lum 3.0 design and 
drafting software, 
which provides olid 
modeling, visualiza-
tion, and automatic 
hidden line removal 
for the generation of 
detail drawings in 20 
and 3D. The pro-
gram transfonns 
wireframe data into urface data, which can be rendered for vi uaI-
ization and detail drawings. 
A 3D u er interface automatically identifies relationship such as 
endpoints, midpoints, center points, tangencies, and real and extend-
ed intersections. It features integrated parametric modeling, updat-
ing dimensions when parts are changed, and updating parts when 
dimension are changed. The Windows-based oftware require 6 Mb 
of hard drive space and co ts 1,495. 
For More Information Write In No. 741 
AC Technology North Amer-
ica, Louisville, KY, has re-
leased Dr. C-MOLD molding 
software, which allows plas-
tics engineers to evaluate 
key variables within the 
molding system - including 
material, part design, mold 
design, and machine - and 
e tablish a feasible proce 
window in five minute or 
less. The software uses geo-
metric parameters to de-
scribe the part, mold, and 
machine without the need for a FEA mesh or CAD model. 
It features a material data yslem incorporating the melt flow char-
acteristics of any commonly used resin; real-time results and displays; 
and instruction on how to set up the molding machine for optimal 
conditions. The software is available for PCs running Windows NT or 
Wmdows 95 and is priced al 1,299. 
For More Information Write In No. 747 
MGA Software, Con-
cord, MA, offers Graph-
ic Modeller Version 4.4 
modeling software which 
models prototypes or 
complex sy tems with 
continuous or discrete 
elements. An object-ori-
ented interface allows 
users to create custom 
blocks, then drag, drop, 
and wire blocks to create 
models quickly. Simulations of friction, hydraulics, temperarure, and 
chemical kinetic are provided with user-defined PowerBlocks nested 
in a hierarchy. 
sers can build and run complex scenario, change constants, dis-
play values of variables, and plot results. Legacy C, FORTRAN, or 
ADA code is incorporated into model . The oftware is available for 
IX and PC systems running Windows 3.1, Windows 95, or 
Windows NT. Pricing starts at 6,000. 
For More Information Write In No. 745 
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Q) Guiding Robots With the Help of Capaciflectors 
Capacitive proximity sensors help to prevent hard collisions. 
Goddard Space Flight Center; Greenbelt, Maryland 
Robotic sensing-and-{;ontrol subsystems 
of a proposed type would include capaci-
£lectors (advanced capacitive proximity 
sensors described below) mounted on 
the end effectors of robotic manipula-
tors. These subsystems would help the 
manipulators avoid collisions with obsta-
cles and guide the manipulators in final 
approach to, and soft contact with, 
intended objects. 
Like other capacitive proximity sen-
sors, a capaciflector puts out a signal 
indicative of the capacitance between a 
sensing electrode and an object in the 
Oscillator 
vicinity. A capaciflector includes at least 
one sensing electrode laid out over a 
larger shielding electrode (reflector), 
both electrodes being driven by alternat-
ing voltages of equal magnitude, fre-
quency, and phase. The driven shield 
increases the range and spatial resolu-
tion by reconfiguring the sensing elec-
tric field according to established prin-
ciples of electrostatics. Capaciflectors, 
other capacitive proximity sensors, and 
related developments were described in 
several previous articles in NASA Tech 
Briefs; namely, "Capacitive Proximity 
Current· Sensing Voltage Followers 1------------, 
1 1 
I I 
Driven 
Robot 
Controller 
Sensor Has Longer Range" (GSC-13377), 
Vol. 16, No. 8 (August, 1992), page 22; 
"Capacitive Proximity Sensors With 
Additional Driven Shields" (GSC-
13475), Vol. 17, No. 11 ( ovember, 
1993), page 40; "Capacitive Sensors and 
Targets Would Measure Alignments" 
(GSC-13491), Vol. 18, No.9 (September, 
1994), page 44; "Phase-Discriminating 
Capacitive Sensor System" (GSC-13460) 
Vol. 17, No. 10 (October, 1993), page 24; 
"Steerable Capacitive Proximity Sensor" 
(GSC-13489), VoL 18, No.9 (September, 
1994), page 48; "Capacitive Sensor with 
Capaciflectors 
Mounted on 
Robotic End 
Effector 
-, 
1 
1 
I 
I 
1 
1 
I 
I 
I 
I 
Robot 
Figure 1. Capaciflectors and Current-Sensing Voltage Followers would generate proximity measurements to guide the robot in final approach 
to gentle contact with an intended object and would prevent hard collisions with any objects in the vicinity. 
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At fast edge rates, the wrong interface 
takes on unexpected qualities. 
AMP high·speed conMCtors offer diverse signal 
11UllUlflement 8olutitm8. 
Ai, clock rates rise, signal integrity can fall. Interconnects that worked last 
time at board-to-board or board-to-cable suddenly treat ignal like flippers. 
Fortunately, expert interconnect help, and sub-nanosecond interface solutions, 
are available. 
We'll help you combine performance and features to meet tough circuit 
requirements. And our design and manufacturing experience can confirm your 
choice works in production, too. 
Our high-speed and controlled-impedance interconnect olution provide 
reliable implementation, even with edge rates pu hing 250ps. For board-to-
board, there's high-den ity open pin field types (including hielded), plu 
stripline and micro trip styles that match characteristic board impedances to 
minimize cro talk, reflection, and groundbounce. For board-to-cable, we have 
precision miniature coax and transmission line solutions to maintain signal 
integrity with minimum propagation delay. 
And we offer simulation service 
to predict performance, befare you 
prototype. 'Thlk with your AMP Sales 
Engineer. Or just call. 
Connecting 
ata 
level~ 
Product Information Center: 1-800-522-6752 (fax 717-986-7575). AMP Incorporated, 
Harrisburg, PA 17105-3608. In Canada, cail 905-470-4425.0n the Internet:http://www.amp.com. 
For Mo!'e Information Write In No. 544 
Driven Shields and Bridge Circuit" G C-
13541) Vol. 18, 0.8 (August, 1994), page 
34; "Capaciflector Camera" (GSC-13564), 
VoL 18, o. 10 (October, 1994), page 5 ; 
and "Current-Measuring Voltage-Fol-
lower Circuits" ( C-13563), Vol. 20, o. 
11 ( O\'ember, 1996) page 50. 
Figure 1 ilIu trate a typical en ing-
and-control ubs) tem according to the pre-
sent concept. In this case, a capaci£lector for 
three-dimensional (x, y, z) proximity ens-
ing would include a driven shield, a ens-
ing electrode for coarse proximity mea-
urements along the x axis, a sen ing elec-
trode for fine proximity measurements 
along the x axis, a imilar pair of sensing 
electrodes for proximity measurements 
along the y axis, and a single ensing elec-
trode for proximity measurements along 
the z axis. All of the electrodes would be 
excited by an alternating voltage from the 
same oscillator, each electrode being fed 
through a cUlTent-measuring voltage-fol-
lower circuit. The output of each such cir-
cuit would be a voltage indicative of th.e 
current in the sensed capacitance and thus 
of the sensed capacitance itself. These out-
puts would be fed via a multiplexer, con-
verted to dc, digitized, and fed to a digital 
proce sor in the robot-control system. 
Because of the fundamental nature of ca-
pacitive proximity ensing, the variation 
of sensed capacitances with relative posi-
tion and orientation of a nsor and a 
sensed object would provide data equiva-
lent to a fictitious force fi ld that could be 
a ource of ignals to control the motion of 
INITIAL APPROACH AND COARSE ALIGNMENT 
the robotic manipulator in the vicinity of 
the object. Thus, collisions could be avoid-
ed and the manipulator could be guided 
into proximity and alignment with the 
intended object without making prema-
FINAL APPROACH AND ALIGNMENT 
Figure 2. A Pin Covered With a Capaciflector would be brought near a hole, then aligned 
with and inserted in the hole, without making contact with the hole until final approach and 
alignment were complete. The robot-control system would use the processed capacitance read-
ings from the sensing electrodes as indications of the position and orientation of the pin with 
respect to the hole. 
When Your design needs call for high 
temperature performance, ZIRCAR 
Custom Engineered Heating Systems 
deliver: 
High Purity Fibrous Ceramic Insulation 
Top Quality Elements Designed For Any 
Demanding Application 
Operating Temperatures to 1800°C(3272°F) 
Rugged Stainless Steel Support Case 
New or Rebuilt Units 
Custom O.E.M. Units 
Unifonnjty Guaranteed 
Long Heater Life, Warranties Available 
Stocking Available For Fast Delivery 
The arne You Trust 
ZIRCAR Products, Inc. 
P.O. Box 458 
Florida, NY 10921-0458 
Phone: 914-651-4481 
Fax: 914-651-3192 
e-mail : zircarsa@zircar.com 
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If you're an E 
nothing else comes close 
A Million U .. ,. and Otowing 
","liJJsol ....... 
-B ness Week 
ture contact with the object ( ee Figure 2). 
The initial approach would typically in-
volve a raster can of the manipulator 
while capaci£lector outputs were proc ed 
to determine positions of closest approach 
in can planes that were progre sivel 
brought closer to the ol:!iect, without bring-
ing them so close as to risk collision. TIlis 
scan would yield data on the approximate 
position and orientation of the ol:!iect rela-
tive to the manipulator. Following the scan, 
the capaciflector outputs would be processed 
and used for guidance as the manipulator was 
dithered into oft contact with the objecL 
One of the advantages of capacitive 
proximity en ing (in compari on with 
optical proximity sen ing) is that it pro-
vide highly precise ranging and align-
ment in close. Another advantage i that 
it doe not depend on illumination and 
does not require clear lines of ight; thus, 
capacitive proximity sensing widen the 
variety of application in which docking 
and berthing can be performed roboti-
cally. With a ufficient number of sensors 
and the concomitant signal- and data-
processing hardware and software, it 
should even be possible to identify a ca-
pacitivel ensed object or at least to de-
termine whether it is or is not the 
intended object. 
This work was dane by John M. Wanish of 
Goddard Space Flight Center . For further 
information, write in 48 on the TSP &quest 
Card. 
This invention is oumed by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be 
addressed to the Patent Counse~ Goddard 
Space Flight Center; (301) 286-7351. Refer to 
GSC-13614. 
~ Robust High-Temperature Microstrip Antennas 
Both the supporting structures and the conductors 
would be made of SiC. 
NASA:S Jet Propulsion Laboratory, Pasadena, California 
Millimeter- and submillimeter-
wavelength microstrip antennas of a 
proposed type would be made largely 
of silicon carbide. State-of-the-art mi-
crostrip antennas are made with poly-
tetrafluoroethylene (PTFE) dielectric 
substrates that support metallic trans-
mission lines and radiator patches; the 
PTFE substrates cannot withstand op-
erating temperatures above 150 °C. 
The proposed SiC-based micros trip 
antennas could withstand operating 
temperatures up to 500 °C or even 
higher. The proposed antennas would 
be rugged and abrasion-resistant. They 
would be particularly useful on space-
craft, on aircraft, and in automotive 
collision-avoidance systems. 
According to the proposal, an an-
tenna wou ld be made in a sandwich 
configuration ( ee figure), with a core 
layer of lightly doped a-SiC. The core, 
only 350 ].1m thick, would serve as a 
strong, stable, dielectric support for 
the electrically conductive microstrip 
elements. Electrically insulating films 
of aluminum nitride would be deposit-
ed on the faces of the core, and elec-
trically conductive lO-].Im-thick surface 
layers of heavily-n-doped a-SiC would 
be deposited on the insulating films. 
These surface layers would have elec-
trical re istivities of about 0.005 
Mil·cm. 
One conductive surface layer would 
serve as a ground plane. The other 
conductive surface layer would be 
photoelectrochemically modified to 
form insulating regions between con-
ducting strips, thereby defining mi-
crostrip transmission lines and radia-
48 
tor patches. In the photoelectro-
chemical process, the affected ur-
face layer would be immersed in a 
suitable aqueous electrolytic etching 
solution and would be exposed to an 
image of the microstrip elements in 
light with photon energies greater 
than the band gap (",3 eV) of SiC. In 
the process, the SiC in the exposed 
areas would become porous and 
would at-tain electrical resistivities of 
about 10 Mil ·cm. The photochemi-
cal process could produce a conduc-
tive pattern with a resolution of about 
0.5 ].1m, which would be acceptable 
for operating frequencies up into 
the terahertz range. 
This work was done by Virgil B. Shields, 
Margaret A. Ryan, and John Huang of 
Caltech for NASA's Jet Propulsion Lab-
oratory. For further information, write in 
29 on the TSP Request Card. NPO-19765 
Hp.avily Doped Silicon Carbide, 10 jim Thick 
. . ~ Aluminum Nitride Insulating Layer, 1 Ilm Thick ~:g:2Ja-S;",,~j!~~~~i~~~~~IOO" 
Porous Silicon Carbide (Insulation) 
I Microstrip Transmission ;~ Uoo " R. dO", e2?&~~)j 
/ 
Coaxial Contact Ground Plane 
A Silicon Carbide Microstrip Antenna would be made from a sandwich of aluminum nitride 
and differently doped silicon nitride layers. The microstrip circuit elements would be formed by 
photoelectrochemical etching of one of the surface SiC layers. 
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New release! 
SIMULINK2 
Dynamic Simulation 
and Modeling 
New features include: 
• Triggered and enabled subsystems for multi-mode operation 
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• Micromachined Opto /Electro /Mechanical Systems 
A new generation of miniature optoelectronic instruments is proposed. 
NASA's jet Propulsion Laboratory, Pasadena, California 
Optoelectronic in truments would 
be miniaturized to an unprecedented 
extent, according to a propo ai, by u e 
of components and systems fabricated 
by micromachining. The e in tru-
ments could include televi ion cam-
eras and imaging spectrometer, for 
example. The micromachining ap-
proach should eventually make it pos-
sible to manufacture broadca t-quality 
color televi ion camera no more 
than several millimeter thick (in-
cluding optic ) for price of the order 
of those of typical integrated circuits. 
As in conventional optical in tru-
ments, the optical e lements proposed 
would be mechanically adju ted to 
effect such function as focusing, band-
pass pectra1 tuning, canning, and hut-
tering. However, the necessary move-
ments would be generated on a micro-
scopic cale. For this purpo e, the affect-
ed optical elements could be microma-
chined integrally with crab-leg flexures 
or other flexible upports, along with 
electrodes for electrostatic control and 
measurement of deflection ( ee figure). 
For example, con ider an instrument 
that include an imaging array of pho-
todetectors, a micromachined array of 
microlense , and perhaps a microma-
chi ned two- tage Fabry-Perot filter. 
With suitable design, such a combina-
tion of components could provide 
focussing in individual pixels or groups 
of pixels along with fast single-shot 
Electrostatic-Definition Electrodes 
Flexures 
t 
A 
Flexure 
"~ 
Section A-A 
ADJUSTABLE TWO-STAGE FABRY-PEROT FILTER 
Binary 
Lenses 
Electrostatic-
Deflection 
Electrodes I--t-f---I--t----I--t--t---::Y' Flexures 
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Electrostatic--1'"-_ .... _"r-'-----"" ..... __ ~ 
Deflection 
Electrodes 
TILTABLE MIRROR OR PRISM 
Electrostatic Deflection Electrodes would be deposited on micromachined optical components with integral flexures. Electrostatic deflection 
would provide fast, repeatable adjustments. Deflections could be computed from capacitances between electrodes, as measured by use of electrical 
excitations at frequencies much greater than those of the mechanical resonances of the components. 
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huttering, repeuuve fast shuttering 
(chopping), and/ or imaging in a rap-
id equence of different wavelength . 
The two- tage Fabry Perot filter would 
act a a narrow-band-pa filter when 
its pa band were adju ted to 0 er-
lap at one wavelength, or like a clo ed 
hutter when its pa band were et 
o that none overlapped. Becau e the 
electro tatic deflection of the mi-
cromachined optical elemen would 
be characterized b frequencies of 
multiple kilohertz, one could obtain 
nearly imultaneou image at differ-
ent wavelength in the one in tru-
ment. 
This work wa done by Benjamin P. 
Dolgin, Frank T. Hartley, and Paul K. 
Henry of Caltech and Paul M. Zavracky of 
1 ortheastern University for NASA's J et Pro-
pulsion Laboratory. For further informa-
tion, write in 4 on the TSP Request Cani. 
NPO-l9467 
= Fast Obstacle Detection via Triangulation of Light Spots 
The unique geometry of light beams simplifies computation. 
NA :A' Jet Propulsion Laboratory, Pasadena, California 
An optoelectronic y tern detects 
ob tacle on and near the ground, at 
distance up to about 65 cm from a 
small robotic vehicle. The system is 
expected to enable afe travel at 
peed up to 6 cm/s. Based on triangu-
lation oflight pots projected onto the 
nearby terrain by multiple laser 
beams, the system is designed to at-
i fy requirement to be light in 
weight, operate with minimal power 
and no moving parts, detect the laser 
pots in full sunlight, and proces the 
images of the laser spots rapidly and 
with minimal computation. 
Thi system is derived from an older 
la er-based obstacle-detection system 
in which obstacles were detected by 
proces ing of images of stripes of light 
projected by multiple la ers. In the 
older sy tern, it was necessary to com-
pute differences between image 
taken with and without illumination 
becau e there was not enough power 
available to make the stripes bright 
enough to be detectable in sunlight 
without such differencing. However, 
image differencing is undesirable 
because it requires the vehicle to 
stand till while acquiring two im-
age ,which slows down the net speed 
of the vehicle. 
In the present sy tern, the projected 
laser illumination is not pread out 
along stripes. In tead, the illumina-
tion remains concentrated in pots 
projected by narrow laser beam ; the 
pots are bright enough to be de-
tectable in image, without need for 
differencing. The source of light in 
this y tern is a laser diode, the output 
of which is collimated and split into 
15 beam that lie in the arne plane, 
forming a fanlike pattern ( ee figure). 
The ource is oriented 0 that the 
plane of beams tilts downward from 
the source, the central beam intersect-
ing a nominal level ground surface at 
a horizontal distance of about 50 cm. 
The y tern includes a video camera, 
aimed to view the laser-illuminated 
52 
spots on the terrain. The camera i 
mounted at the arne height as that of 
the source, with a lateral off et. The 
video image is digitized and proce ed 
to determine the locations of the 
pots and thu of any ob tacle . To 
enhance the detectability of the 
la er-illuminated pots, the light en-
tering the camera i band-pass-fiI-
tered at the la er wavelength of 860 
nm, which lie omewhat away from 
the peak of the olar pectrum. 
The arrangement is such that, as-
suming linear camera optic, each 
laser beam defines a unique scan line 
in the video image. Con equently, each 
laser-illuminated spot can be immedi-
ately identified in the image a lying 
along one of the la er beams. More-
over, the knowledge that each spot of 
Video 
Camera 
light nece sarily lies along one of 
the scan line can be exploited to 
reduce the amount of computation 
neces ary to locate each spot. The 
horizontal di tance of the pot from 
the source and the elevation of the 
spot can be determined from (1) the 
known tilt of the beam and (2) the 
position of the pot along the beam, 
a determined from its position along 
the known scan line in the video 
image. A thre holding operation i 
then performed on the elevation of 
each spot to determine whether an 
obstacle is presen t. 
This work was done by Larry Matthies, 
Tucker Balch, and Brian Wilcox of Caltech 
for NASA's J et Propulsion Laboratory. 
For further information, write in 13 on 
the TSP Request Card. NP0-20032 
TOP VIEW 
SIDE VIEW 
A Video Camera Views Light Spots projected onto the nearby terrain by laser beams that fan 
out from a source laterally offset from the camera. Data from images acquired by the camera are 
processed to identify obstacles revealed by the locations of the light spots. 
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D Shot Counter for a Pulsed Laser 
The number of flashes is counted to determine 
when to replace the flash lamp. 
Lewis Research Center, Cleveland, Ohio 
An apparatlllS that detects and counts 
pulses of light has been incorporated 
into a pulsed-laser system [0 count the 
number of flashes emitted by the laser-
pumping flash lamp. It is de irable to 
count the number of flashes [0 deter-
mine when the flash lamp has reached 
the end of its useful life (typically of the 
order of 106 flashe ), at which time it 
must be replaced. Although counting 
flashe may seem like a straightforward 
proposition, no equipment was previ-
ously available for this purpose; instead, 
numbers of flashes were determined by 
error-prone techniques like counting 
trigger pulses or estimation from total 
logged operating times. 
The apparatus (see figure) includes a 
photo transistor mounted in the Jaser 
housing, near the flash lamp and out of 
the direct path of the laser beam. In 
response to each flash , the phototran-
istor generates an electrical pul e, 
which is fed to a comparator for condi-
tioning. For each detected flash , the 
comparator puts out a square pul e at 
transistor/ transistor-logic level, suir.able 
for use as a clock pulse in counting cir-
cuitry. The pulses are fed to two ca cad-
ed decade counters combined with a 
nonretriggerable multivibrator to ob-
tain a single pulse for each successive 
accumulation of 100 detected flashes. 
The pulses are fed to a commercial 
counter/ display unit, which thus indi-
cates the accumulated number of flash-
es in multiples of 100. This unit in-
cludes a push-button switch for reset-
ting the count to zero when a new Dash 
lamp i installed. When the main power 
supply of the flash counter is turned off, 
the counter memory is pre erved by 
battery-powered backup circuitry. To 
prevent false counting in response to 
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The Phototransistor in the Laser Housing detects flashes from the lamp. The output of the pho· 
totrans;stor ;s then processed to count the flashes in multiples of 100. 
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ambient light, the main power uppl 
hould be turned off \ hen the laser hous-
ing is opened for maintenance or repair. 
This work was dQTU! by William Yanis oj 
NYMA, ITIC., Jor Lewis Research Center. 
For Jurther inJormation, write in 75 on the 
TSP RLquest Card. 
Inquiries concerning rights Jor the commer-
cial use oj this inve1!tion should be addressed 
to 11 11 Lewis Research Center; Commercial, 
• Frequency and Phase Compensation in a 
Pulse-Transmission System 
John F. Kennedy Space Center, Florida 
A scheme for frequency and phase 
compensation has been devised for a 
wide band microwave tern that com-
municate lightning electric-field and 
derivative waveform from remote 
sensing stations to a central tation. 
Compen ation i needed to correct for 
waveform distortions caused by tempo-
ral variation of ignal-propagation 
characteristics (e.g., effects of rain) and 
by finite frequency re ponse of radio 
transmitting and receiving equipment. 
Once the distortions are removed, the 
times of arrival of the waveform can be 
measured accurately to locate the light-
ning trike. The present scheme i 
based on the Fourier-transform rela-
tion hip between (a) the phase and 
amplitude frequency re pon e ofa com-
munication link and (b) the time re-
spon e of the link to a pul e, which has 
a bandwidth greater than the 12- 1Hz 
bandwidth of the communication link. 
everal time per day, each remote ta-
tion i commanded to tran mil such a 
pul e. The re pon e to the pulse i digi-
tized at the central tation, then fast-
Fourier-tran formed to obtain a trans-
fer function, which i then inverted and 
u ed to remove the di tortion from 
received lightning waveform. With 
uch com pen ation, difference be-
tween time of arrival can be deter-
mined to within a few nano econd . 
Technology OJfice, Attn: Tech BrieJ Pale1!1 
tat us, Mail top 7-3, 21000 Brookpark 
Road, Cleveland, Ohio 44135. RLJer to LEW-
16311. 
Without uch com pen ation, errors in 
difference between times of arrival 
could be as large as everal hundred 
nanoseconds, re ulting in po ition 
errors of hundred of meters. 
This work was done by Pedro J Medelius 
and Yo eJ Yariv oj I-NET and Ewen M. 
Thomson and leve Davis oj the University 
oj Florida Jor Kennedy Space Center. For 
Jurther inJormation, write in 59 on the 
TSP RLquest Card. 
Inquiries concerning rights JOT the com-
mercial use oj this invention should be 
addressed to the Patent Counsel, Kennedy 
pace Center; (407) 867-2544. ReJer to 
KSC-11852. 
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* Portable Wide-Band EPR Spectrometers 
Instead of scanning in magnetic field, these instruments would scan in frequency. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Portable, wide-band electron-para-
magnetic-resonance (EPR) spectrome-
ters have been proposed for use in 
field analysis of organic and inorganic 
compolmds in various states of oxida-
tion in soils, minerals, and rocks. 
When fully developed, these instru-
ments would be applicable to almost 
the full range of analyses to which con-
ventional laboratory EPR spectrome-
ters can be applied. The proposed 
instruments are likely to become eco-
nomically competitive with conven-
tional EPR spectrometers; this would 
make the proposed instruments attrac-
tive for use in laboratory instruction in 
educational institutions. 
In a conventional laboratory EPR 
spectrometer, a microwave field is gen-
erated at a fixed frequency of about 9 
GHz while a magnetic field generated 
by a large electromagnet is scanned 
between 0 and an upper limit that typ-
ically lies between 9 and 15 kG. A con-
ventional portable EPR spectrometer is 
similar to a conventional laboratory 
EPR spectrometer, except that it is 
equipped with a small permanent mag-
net with an adjustable yoke to make it 
portable. Unfortunate ly, the scan 
range provided by the small magnet is 
limited as compared to that of the full-
size laboratory version, and the range 
of applications of the portable version 
is correspondingly limited. 
In an EPR spectrometer according 
to the proposal, the scan would be per-
formed in frequency instead of in mag-
netic field. The magnetic field would 
be fixed at a value between 2.3 and 3.5 
kG, and the frequency would be varied 
in the approximate range of 1 to 20 
GHz. The fixed magnetic field would 
be provided by a permanent magnet, 
which would weigh less and occupy less 
space than would an electromagnet 
capable of generating an equal field. 
Moreover, the elimination of the elec-
tromagnet would reduce the overall 
power consumption. 
A practical field instrument for gen-
eral magnetic-resonance spectrometry 
would likely comprise both an EPR 
56 
spectrometer of the proposed type and 
a nuclear-magnetic-resonance ( MR) 
spectrometer. The figure illustrates the 
principal components of such an 
instrument. The MR capabili ty would 
be provided by a small coil that could 
be used to generate an oscillating mag-
netic field at radio frequencies (RF) . 
To Microwave Source 
RF 
Input 
t 
Sample 
Tube 
approximate range of 500. The most 
promising resonator design concept 
for this purpose appears to be that of a 
cylindrical loop-gap resonator with 
mechanical coarse tuning via telescop-
ing of cylindrical segments and elec-
tronic fine tuning by use of varactors 
placed across circumferential gaps. 
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Th is Magnetic-Resonance Spectrometer would be an integrated combination of both an EPR spec-
trometer of the proposed type and an NMR spectrometer. 
The m~or technical challenge in 
developing the proposed instruments 
is that of developing microwave res-
onators that would be tunable over the 
required frequency range and would 
have resonance quality factors in the 
www.nasatech.com 
This work was done by Soon Sam Kim 
and Narayan R Mysour of Caltech fur 
NASA's Jet Propulsion Laboratory. Fur 
further infurmation, write in 42 on the TSP 
Request Card. 
NPO-J9532 
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~ High-Temperature Lubrication With a Vaporized Liquid 
Vapor-phase lubrication can be used where traditional liquid lubricants fail. 
Lewis Research Center, Cleveland, Ohio 
apor-phase lubrication ha been 
investigated for u e in machine in 
which temperature are high enough to 
cause decompo ition of traditional liq-
uid lubricants. uch machine include 
advanced aircraft engine . In efforts to 
ceramic composite . Many of these com-
ponents will operate under tribological 
conditions at temperatures in exce of 
300 dc. At pre ent, no known liquid 
lubricant can lubricate at temperatures 
above 300 °C without undergoing ignif-
icant decomposition. Solid lubricants 
have been considered, but the higher 
coefficients of friction and higher rates 
of wear that occur in the presence of 
ati fy high-temperature performance 
criteria for advanced aircraft engines, 
designers are ever more frequently using 
components made from supera\loys and 
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olid lubricant films make the solid-
lubricant approach unattractive. 
In this ver ion of vapor-phase lubri-
cation, a small quantity of an organic 
liquid is vaporized in an air stream that 
i directed to sliding urfaces where 
lubrication is needed. In the vicinity of 
the sliding surfaces, the vapor under-
goe chemical reactions that deposit 
thin layers of lubricous material on 
these surfaces. The deposits can pro-
vide effective lubrication at tempera-
tures greater than 300 °C. 
Organic phosphorus compounds, 
including tricresyl phosphate (TCP) 
have been used as the lubricants in 
previous studies of vapor-phase lubri-
cation. Although some success was 
achieved in those studies, many prob-
lems remained unsolved. For instance, 
vapor-phase lubrication worked only 
for high concentrations of TCP in air, 
and it was found that the lubricated 
system could not self-recover (this 
means that once the flow of the TCP 
vapor was shut off and the coefficient 
of friction consequently increased 
drastically, restarting the flow of TCP 
vapor did not cause the desired 
restoration of the coefficient of fric-
tion to its previous lower level) . 
In research at Lewis Research Center 
and Cleveland State University, 
polyphenyl thio-ether has shown 
promise as a liquid that could be used 
as vapor-phase lubricant. Initial tribo-
logical experiments were conducted in 
a high-temperature friction-and-wear 
apparatus, in which a cast-iron rod was 
loaded against a reciprocating cast-iron 
plate, using a 4-kg load mass to gener-
ate a contact pressure of 1.2 MPa. The 
temperature of the plate was 500 °C. 
The rate of flow of polyphenyl thio-
ether used as the lubricant in this appa-
ratus was varied from 1.2 to 0.16 mL/ h; 
this corresponds to a range of vapor 
concentration from 0.07 to 0.009 per-
cent. The temperature of the vapor was 
400 °C. A thin film was deposited at the 
wearing contact, resulting in coeffi-
cients of friction as low as 0.03 (see fig-
ure) . At the end of the test, no wear of 
the cast iron rod and plate was detect-
able. In addition, it was found that this 
system could self-recover after shutoff 
of the polyphenyl thio-ether vapor. 
There may be uses for vapor-phase 
lubrication in industries other than 
aerospace. For example, a form of 
vapor-phase lubrication has been tested 
ABA Tech Briefs, March 1997 
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The Coefficient of Friction Varied with t ime and with the rate of f low of polyphenyl th io-ether. The distances indicated with the changes in concen-
tration are total sliding distances since the beginning of the test. 
by a forging company seeking to replace 
graphite, which it now uses as a solid 
lubricant. 
Graham and Bengi Hanyaloglu of Cleveland 
State University. No further documentation is 
available. 
addressed to NASA Lewis Research Center, 
Commercial Technology OfJue, Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Rd., Cleveland, OH 44135. Refer 
to LEW-16048. 
This work was done by Wilfredo Morales of 
Lewis Research Center and E. Earl 
Inquiries concerning rights for the com-
mercial use of this invention should be 
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THE NEW -:Cali TRA 
WHAT PUTS IT OUT IN FRONT? THE FEATURES BEHIND IT. 
Introducing a giant step forward in broadcast-quality 
images. Scan Doe Ultra is everything you asked for in a 
workstation to video scan converter/down converter: powerful fea-
tures you want, higher resolutions you need, the superior quality 
of the Scan Do family, and a price that's incredibly attordable. In 
fact, at just $6,495, Scan Do Ultra otters the industry's best 
combination of performance and value. 
So now you can create true broadcast-quality video from 
your high-res workstation, PC or Mace - without creating 
problems for your budget! 
But don't take our word for it. Call for a free demo, and we'll 
put a Scan Do Ultra in front of you. Then you can discover 
for yourself all the features behind our most powerful scan 
converter ever! 
eEl Communications 
[!]tl~~cialties( Inc. Phone: 516-273-0404 / Fax: 516-273-1638 E-mail : info@commspecial.com 
Internet: http://www.comspecial.com 
GSA #: GS-35F-4045D 
See us at NAB, Booth M7455 
.. .For h~h-perlormance computer video interfaces. 
Scan Do is a registered t rademark of Communications Specialties, Inc. ©1 997 Communications Specialties, Inc. 
All other trademarks are property of their owners. 
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Great Service 
Quality Products 
Total SatisfactionSM 
How easy is it? One toll-free phone call to 
Cole-Parmer Instrument Company is all you 
need to find great service and an extensive 
selection of quality products. 
Our experienced associates are ready to 
assist you with all of your technical needs. 
Even after you've purchased your prod-
uct, we'll be available to answer your 
technical questions for as long as you 
need us. We can also calibrate 
your instruments and perform 
any necessary repairs. Call us 
today for more information 
on our products and er-
vices. Ordering from 
Cole-Parmer means 
total satisfaction. 
e Thin-Film Thermocouples on Ceramics 
Platinum-based thermocouples can be used at temperatures up to 1,500 °C. 
Lewis Research Center, Cleveland} Ohio 
Thin-film thermocouples on ceramic 
substrates have been developed to with-
stand temperatures up to 1,500 · C for 
times of 50 h or more. These are proto-
types of thermocouples that would be 
used to measure the temperatures of 
ceramic parts in advanced, high-tem-
perature engines. 
The thermocouple metals are plat-
inum and an alloy of 87 percent plat-
inum with 13 percent rhodium (ther-
mocouples made of this combination of 
metals are called "type R" in the indus-
try). A thermocouple is made by sput-
tering mms of these metals directly 
onto an electrically insulating ceramic 
substrate (e.g., silicon dioxide, silicon 
nitride, aluminum oxide, or mullite). 
Alternatively, a thermocouple can be 
made by sputtering films of these metals 
onto a thin, elecuically insulating ceramic 
film on an elecuically conductive ceramic 
substrate (e.g., silicon carbide). Typically, 
the thin, elecuically insulating ceramic film 
is a two-layer film made of an aluminum 
oxide film that has been sputter-deposited 
to a thickness of about 2 pm on an adher-
ent silicon dioxide layer that has been dler-
mally grown to a thickness of 2 pm on the 
surface of a silicon carbide substrate. 
The metal thermocouple films are 
typically about 12.5 cm long, about 3 
cm wide, and 5 to 7 ).lm tlllck. Lead 
wires made of ilie same materials as 
those of the iliermocouple films are 
attached to the films by parallel-gap 
welding. The lead wires, which have a 
diameter of 75 ).lm, are routed through 
ceramic tubes to electrical connectors. 
Experimental iliin-film thermocouples 
were tested in ceramic-tube furnaces in 
boili steady-state and thermal-cycling 
modes at temperatures up to 1,500 DC. In 
calibration tests, tl1e output of a tl1in-film 
tl1ermocouple matched tl1at of a tan-
dard wire tl1ermocouple witl1in 3 per-
cent. Small amounts of drift were 
observed, ranging from negligible values 
to 2 · C/ h, depending on tl1e substrate 
material and ilie temperature (see fig-
ure). A main cau e of drift was oxidation 
of rhodium at temperatures below about 
1,000 · C; above tllls temperature, tl1e 
rhodium oxide dissociates. Above about 
1,250 DC, however, dJift again became 
noticeable, apparently because of chemi-
cal reactions at film/ substrate interfaces. 
Oxidation of silicon n itride substrates 
was visible in tests at temperatures 
above about 1,000 · C. At temperatures 
above about 1,250 DC, both silicon 
2.5 
nitride and silicon carbide substrates 
deteriorated noticeably, witl1 resultant 
bubbling and oilier deformation lead-
ing to eventual delamination of tl1e 
tl1ermocouple films . 0 changes in tl1e 
appearances of tl1e aluminum oxide 
and mullite substrates were seen; tl1in-
mm sensors on tl1ese materials exhibit-
ed very little deterioration in tl1e tests. 
This work was done by Raymond 
Holanda of Lewis Research Center. For 
further information, write in 34 on the TSP 
Request Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be 
addressed to NASA Lewis Research Center, 
Commercial Technology Office, AUn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Rd., Cleveland, OH 44135. 
Refer to IEW-16072. 
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The Temperature Indications of experimental thin-film thermocouples drifted with time to various 
extents, depending on substrate materials and temperatures. The drift of a conventional wire 
thermocouple is shown for comparison. 
II Putting Sulfur-Capturing Sorbents Into Coal Agglomerates 
Sulfur is chemically bound in the ashes. 
NASA s jet Propulsion Laboratory} Pasadena} California 
A process has been developed to 
incorporate sulfur-capturing sorbents 
into agglomerates of coal particles 
imbued wim liquid fuels that contain 
62 
sulfur (e.g., oils from tar sands). The 
sulfur-capturing sorbents are typically 
calcium compounds that bind the sul-
fur chemically in ilie ashes instead of 
www.nasatech.com 
allowing ilie sulfur to escape into the 
air in volatile combustion products . 
The process is based partly on con-
cepts described in "Impregnating Coal 
NASA Tech Briefs, March 1997 
nylons make it real. 
The broad line of Ultramide nylons opens a wide 
world of concepts designers can make real. 
Ultramid nylons extend the possible ... 
with grades ranging through 
6, 66, 6/66, and 6/6T. 
Choose toughness. Or rigidity with uncommon 
abrasion and heat resistance. Or low temperature 
performance. Properties tailored to your specs as 
only a single source of a broad line of nylons can. 
The source is BASF. The nylons are Ultramid. 
To learn how Ultramid nylons work for your 
application, contact us at 1-800-8C RESIN, 
visit our web site http://www.basf.com. or 
receive instant fax-on-demand information 
at 1-800-TOPFAX-1. 
We don't make your products, 
We help make them better .... 
BASF 
For More Information Write In No. 606 
Model 2010 
7'/, digits 
Low-noise, full function 
Our reputation is 
on the line. 
Model 2002 
8 '/, digits 
High speed, high preci ion 
Model 2001 
7'f, digits 
Wide functionality & stability 
Model 2000 
6 '/, digits 
Great performance & value 
Keithley offers the most 
comprehensive and advanced line of 
DMMs in the industry, plu built-in 
switching capability. For a free 
brochure on any of these revolutionary 
DMMs, contact Keithley today. 
KEITHLEY 
For More Information Write In No. 412 
With Calcium Carbonate" ( PO-
17696), 'ASA Tech Briefs, 01. 15, o. 
12 (December 1991 ), page 46. The 
overall effect of the proce i to form 
micro copic particle of calcium car-
bonate in situ, evenly di tributed 
throughout the agglomerate. The coal 
agglomerate are sub equently u ed in 
the beneficiation proce for upgrading 
high ulfur oil uch as tar- and oil. 
In the entire proce ,the fir t step is 
the preparation of the calcium-
impregnated coal agglomerate . A 
variety of approaches have been inves-
tigated, but the proce mo t appeal-
ing to commercialization is de cribed 
in PO-17696. In a preferred version 
of the process, the agglomerate is 
oaked for about 2 h in aIM aqueous 
olution of calcium acetate (or other 
calcium ait) in an almo phere of car-
bon dioxide at a pressure of 5.6 MPa. 
The main overall chemical reaction is 
carbon dioxide + calcium acetate + 
water -+ calcium carbonate + acetic 
acid. The calcium carbonate is formed 
a fine particles in the pores of 
the agglomerate . The impregnated 
agglomerate is then dried in prepara-
tion for u e in the oil beneficiation. 
In the second step of the entire ben-
eficiation process , the calcium-
impregnated coal agglomerates are 
mixed with the high-sulfur liquid, i.e., 
tar- ands oil. The organic sulfur com-
pounds in the oil adhere to the coal 
agglomerates and are selectively 
removed from the oil during the oil 
agglomerate eparation, step three. 
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The re ult of thi tep is a ulfur-free 
liquid , which can be utilized as a 
clean-burning fuel for variou applica-
tion . The sulfur-laden coal agglomer-
ates can also be cleanly combu ted 
becau e of the calcium impregnated 
into the coal. During this combustion 
proce , the ulfur i bound to the cal-
cium, originally deposited in the coal 
pore a calcium carbonate, and 
included in the coal ash. The gaseous 
combustion products are, therefore, 
free of ulfur oxides. In essence, 
through the inclusion of calcium-
impregnated coal agglomerates in the 
oil beneficiation proce , two clean-
burning fuels are obtained and the 
sulfur removal takes the form of ash-
bound calcium sulfide in place of a 
flue-ga crubber effluent and addi-
tional expensive cleanup teps. 
This work was done by Gerald E. Voecks 
and Robert L. Phen of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, write in 47 on the TSP 
Request Card. 
In accordance with Public Law 96-51 7, 
the contractor has elected to retain title to 
this invention. Inquiries concerning 
rights for its commercial use should be 
addressed to: 
William T. Callaghan, Manager 
Technology Commercialization 
JPL-301-350 
4800 Oak Grove Drive 
Pasadena, CA 91109 
Refer to NPO-191 06, volume and number 
of this ABA Tech Briefs issue, and the 
page number. 
• 
1.6 
Calcium: Sulfur (Mole/Mole) 
The Percentage of Sulfur Captured upon burning of an agglomerate treated by the in situ calci-
um-impregnation process depends only on the final relative concentrations of calcium and sulfur 
before burning. The data points clustered around the curve represent various combinations of cal-
cium salt, acetate, or calcium formate solutions (i.e., formate, acetate, nitrate) used in coal 
agglomerate preparation. 
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WhyJust 
Simulate Your 
Design ... 
Understand It! 
All simulators produce reams of data. But only one presents 
the data in a format that enables you to qUickly and easily 
understand it -MicroSim PSpice~ It's used by more 
engineers than all other analog simulators combined. Here is 
one reason why. 
With a dick of the mouse, MicroSim PSpice extracts data from a 
whole set of analog waveforms and displays the data on a single screen. MicroSim 
PSpice AID even displays mixed analog/digital simulation results together. You can 
immediately see the effects of changing several 
different variables all at one time. You can explore the 
relationship between changes in your circuit and 
changes in its behavior in order to determine 
performance trade offs. With MicroSim PSpice, you can 
spend your time creating better designs. 
MicroSim PSpice 
Contact MicroSim at 1.800.245.3022 or 714.770.3022 
You can visit our Web site: http://www.microsim.com E-mail: soles@microsim.com 
Extract performance from 
many simulations ® to 
see how complex circuit 
behavior varies with 
component value changes ® 
Histograms © show 
production yields with 
component tolerances 
Macros and functions 
allow you to measure 
performance CD from 
complex waveforms @ 
t<::X 
MicroSim® 
Setting the standard for Desktop EDATM 
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The W3F high-frequency feedthrough chip capacitor from AVX Corp., Myrtle Beach, SC, seNes as an in-line filter for noise reduction and 
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smaller than the typical 1808 chip, making it suitable for deSigners seeking to save board space. 
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We're from the Pacific Northwest ... 
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line of RF Connectors 
• Waterproof 
• O-Ring Design 
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Notes from Industry and 
the Federal Laboratories 
A workshop held late last year 
brought together materials experts 
from industry, government, and univer-
sities to enhance the competitiveness of 
the U.S. electronics industry by identify-
ing issues pivotal to its success in the 
international marketplace. Spon ored 
by the Electronic Materials Working 
Group, an organization of representa-
tives from government agencies sup-
porting various electronics programs, 
the meeting produced the findings and 
recommendations contained in a 
report, Beyond the Technology Roadmaps: 
An Assessment of Electronics Materials 
Research and Development. "To support 
the continuing push towards increased 
material complexity and reduced fea-
ture size," the report says, "the U.S. gov-
ernment should work to create an envi-
ronment that encourages electronic 
companies to increase their participa-
tion in R&D." Copies of the report (NIS-
TIR 5777) are available from Michael A. 
Schen, B320 Polymer Bldg., NIST, 
Gaithersburg, MD 20899-0001; (301) 
975-6741; Fax: (301) 869-
3229; E-mail: michael.schen 
@nist.gov. 
Through its Small Busi-
ness Technology Transfer 
(STIR) program, the De-
partment of Defense will 
award $36 million this fiscal 
year in research and devel-
opment contracts to small 
technology companies work-
ing cooperatively with re-
search institutions such as 
univer ities and federally 
funded R&D centers. The 
solicitation closes April 2. 
For more information, call 
(703) 205-1596. 
of 50 percent, the remainder i hared 
by the partner, inclucling IBM, Dow 
Chemical, Hughes Aircraft, Evans Co., 
and MIT. 
The material is seen as a olid dual-use 
product, with applications beyond the 
military in autos, wireles phones, infor-
mation systems, and collision avoidance 
systems. AlN's high thermal conductivity 
makes it a cost-effective alternative to 
heat sinks and other heat management 
devices. Furthermore, it can be pro-
duced as a multilayer structure, thus 
permitting 3D wiring. An alliance be-
tween Carborundum and IBM led to the 
codevelopment of proprietary proces es 
that allow aluminum nitride to be mass-
produced on existing manufacturing 
equipment. 
The team's developmental aims in-
clude translation of the knowledge 
base generated for high-volume manu-
facturing of alumina to AlN; use of the 
core science to control metallization, 
sintering, and forming of AlN; develop-
ment of low-cost raw materials, specifi-
cally AlN powder; and development of 
an enabling plating technology. The 
team expects increasing market accep-
tance in applications where thermal 
management issues dominate substrate 
selection, i.e., telecommunications and 
radar, particularly as the cost comes 
down through economies of scale and 
the specific co t reductions targeted by 
theCRADA. 
An adclitional goal is to help establish 
a strong dome tic packaging base to 
reverse the dominance of Japanese sup-
plier , who now have more than 80 per-
cent of the 2-billion annual market, 
including almost 90 percent of military 
hermetic packaging. 
Inquiries about the material should 
be directed to Dr. Roger S. Storm, 
Carborundum Microelectronics, 10409 
S. 50th Place, Phoenix, AZ 85044; (602) 
496-5125. 
Researchers at the Department of 
Energy's Oak Ridge ational Lab-
oratory (ORNL) are fashioning micro-
sensors the width of a human hair 
for detecting and measuring any num-
ber of quantities-relative humidity, 
temperature, pressure, flow, viscosity, 
sound, natural gas, mercury vapor, and 
ultraviolet and infrared racliation. In an 
experiment several years ago, Thomas 
Thundat of ORNL's Health Sciences 
Research Division (HSRD) noted that 
humidity affected the performance of 
an atomic force microscope's can-
tilever, and from this observation 
sprang the new series of sensors. Newly 
available micromachining techniques 
make fabrication of rugged, extremely 
sensitive microcantilever sensors. 
Typical of the sensors, 
which project from minia-
ture chips about the size of 
a grain of rice, is a gold-
coated cantilever that 
absorbs mercury vapor, 
causing it to bend and 
change the way it vibrates. 
Such changes in position 
or vibration rate are 
detected by measuring 
wobble in reflected laser 
beams. But Bruce War-
mack, another member of 
the HSRD team that also 
includes Eric Wachter, 
Mitch Doktycz and Rick 
Oden, says that future 
detectors will probably be 
based on piezoresistance-
changes in electrical resis-
tance induced by in-
creased bending or re-
duced vibration. 
Carborundum Corp. 's 
Microelectronics Division 
and everal other industry 
members have entered into 
a cooperative research and 
development agreement 
(CRADA) with the U.S. Air 
Force and the Defense 
Advanced Re earch Project 
Agency (DARPA) to devel-
op aluminum nitride (AlN) 
microelectronics packag-
ing. With DARPA funding 
Thomas Thundat of ORNL observes the magnification of a pen point, an 
insect, and the tip of a cantilever sensor such as the one he is holding. 
One of the ORNL's 
patented microminiature 
sensor technologies has 
been licensed to Consul-
tec Inc., which has creat-
ed a prototype mercury 
vapor sensor and infrared 
thermometer. 
2a www.nasatech.com March 1997 
INTEGRATED FAN HEAT SINKS: 
SMALLER, MORE POWERFUL 
Compared to bolt-on fan heat sinks, integrated 
fan heat sinks (IFHS) for high heat generating 
components decrease headroom by 50% - as 
much as 0.5" - and increase performance by 
30%, offer low thermal impedance (1 .42C/watt) 
and adapt to many applications. Requires only 
0.2" headroom for fan airflow. 30db acoustic 
noise. From Aavid Thermal Technologies, Inc. 
(603) 528-3400' FAX: (603) 528-1478 
No. 469 
PLUG·IN HEAT SINKS 
COOL TO·220's 
Compact heat sinks for TO-220s plug in quickly. 
Cui labor cosls by eliminating mounting hard-
ware. Unique design forms spring action clips 
that bolt semiconductors securely for superior 
thermal performance. Small footprint (as lillie as 
1/2" sq) saves valuable PCB space. From Aavid 
Thermal Technologies, Inc. (603) 528-3400 • 
FAX: (603) 528-1478. 
No. 470 
New aluminum heat sink extrusions with high 
fin density offer maximum cooling in minimum 
space. Maximum industry tin-height-Io-tin-
spacing ratio used to be 6:1 . New technology 
from Aavid extends it to 8:1, 10:1 and up. Ask 
our engineers for design help. From Aavid 
Thermal Technologies, Inc. (603) 528-3400 • 
FAX: (603) 528-147B. 
No. 471 
HEAT SINKS COOL 
MULTIWATT® PACKAGES 
Low-cost heat sinks cool Multiwa and similar 
packages. Self-locking design cuts assembly 
costs, eliminates hardware. Unique design 
holds packages securely for maximum thermal 
performance. Slim and light, they take minimum 
board space. Low/medium power applications. 
From Aavid Thermal Technologies, Inc. (603) 
528-3400' FAX: (603)-528-1478. 
Mulllwatt IS a trademark 01 SGS Thomsoo 
No. 472 
_E:t?~~t.ed Fax Retrieval (603) 527·2169 I 
Visit Aavid's Home Pag~ r,aH~TTP: IIWWW.AAVJD.COM ,I 
HEAT SINK TECHNOLOGY 
DESIGNED TO TAKE YOU 
INTO THE NEXT 
MILLENNIUM. 
As microprocessor technology 
accelerates into the 21 st Century. 
Aavid is up to speed with standardized 
drop-in thermal solutions that are fully 
optimized and tested for cooling 
today's hottest processors. 
We provide designers 
with impressive benefits. 
including: 
• Active and Passive 
Heat Sinks 
• Advanced Interface 
Materials 
• Applications Assistance 
• Convenient Attachment Methods 
• High Volume Production 
Aavid offers the industry's 
widest selection of heat sink 
technologies for all your design 
requirements. Also. Aavid has the 
most advanced thermal 
development and design 
verification facility in 
the industry. 
In addition, we offer 
you a choice of interface 
material and attachments. 
Surface mounting is no 
problem. either. 
As the future heats up. call us at 
(603) 528-3400. Aavid. We bring 
cool. clear thinking to your design team. 
THE MA ftc ,.,OlOG £ NC 
ONE COOL IDEA AFTER ANOTHER 
One Kool Path ' P.O. Box 400 • Laconia, NH 03247-0400 • USA 
For More Information Write In No. 468 
Practical Method for Making Materials with 
Giant Magnetoresistance 
Novel material requires application of only a small external magnetic field at room temperature. 
Lawrence Berkeley ational Laboratory, Berkeley, California 
Lawrence Berkele ational Labora-
tory re earchers have invented a new, 
cost-effective method of producing 
materials that exhibit giant magnetore-
sistance (GMR) upon application of a 
small external magnetic field at room 
temperature. Until now the practical 
utility of materials exhibiting GMR prop-
erties was limited by difficulty in manu-
facturing the material and by the large 
magnetic field required to produce the 
effect (2-4 Tesla). 
The new materials exhibit GMR at 
room temperature in a magnetic field of 
3 kiloOersteds or Ie . The novel materi-
al, which can be manufactured using a 
practical and inexpensive process, has 
great potential for use in high-resolution, 
fast sen ors to read magnetic media. 
GMR sensors with their high resolu-
tion allow for high data densities. In the 
quest for higher storage capacity in com-
puter hard drives, researchers hope to 
cram more information into the arne 
amount of pace on the drive urface. In 
order to make this feasible, the read sen-
or in read/ write heads must be able to 
sen e magnetic fields from ever-decreas-
ing areas on the disk' urface. The GMR 
effect manifests itself as a large drop in 
the read sen or's electrical resi tance as 
the head pas e over mall areas of mag-
netized material. The mailer the mag-
netic field need to be to produce a resis-
tance change, the mailer the magne-
tized information domain can be. In es-
sence, GMR make the magnetic fie lds 
on the disk easier to detect because of 
the "giant" re i tance change produced 
in the sensor head by relatively small 
magnetic fields. 
This invention makes the economics 
favorable for the commercial produc-
tion of GMR materials. Th i new materi-
al contains grains of microlamellae, or 
miniature layered particles that form 
Electron micrograph of Giant Magnetoresistive (GMR) Material . 
4a www.nasatech.com 
pontaneously during manufacture . 
The e mall structure give ri e to GMR 
propertie , with minimal h steresis or 
delay in magnetization of the material. 
The material can be made in commer-
cial quantities by melt spinning, rather 
than by lower methods such as sputter-
ing, expen ive molecular beam epitaxy, 
or laser ablation. Gram of material can 
be fabricated quickly at reasonable cost. 
o annealing is nece ary for high-qual-
ity performance. 
This work was done by Johannes Bernardi, 
Gareth Thomas, and Andreas Huetten at 
Ernest Orlando Lawrence Berkeley 
National Laboratory. A patent is pending 
on this technology, which is available for 
licensing. Contact Sleven Hunter, Technol-
ogy Transfer Department, Berkeley National 
Laboratory, University of California, 1 
Cyclotron Road, M/S 90-1070, Berkeley, CA 
94720; (510) 486-5366; FAX: (510) 486-6457. 
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Our Miniature 
Accelerometers 
Fit In Some 
Curious Places. 
72648-2000 Pierore5isrive 
Accderomet ... 
Ideal (or shock measurementli that 
demand DC response and minimal 
mass loading. 
7253A·I0 ISOTRON" Triaxial 
Ac:cderometer. 
The ligbtweogiu sensor provides volt· 
age output w,th outstanding sIgnal· 
to-noise in a miniature package 
When you're in a tight spot in dynamic measurement, be 
prepared with an Endevco miniature accelerometer. 
Just how small are they? Some models are no bigger than 
an ant and weigh a mere 0.2 grams, 
with built-in electronics. In fact, 
Endevco makes the smallest accel-
erometers in the world. 
So when mounting space, broad 
frequency response, or extreme 
temperature operation are critical-
we have a model for you. 
And we have 50 years of experience 
in a wide variety of vibration 
and shock measurements. 
Our sensors have been used 
For more mforma[ion on 
EndevCD miniature accelerom-
ett:~, request ~hort 
Ponn Catalog. Just call 
800·9 2-6732 or .·mall 
freebie@cndevco.com. 
on scaled models, small circuit boards and rnini-
disk drives. And in biomedical research for humans, 
animals, and even insects. We've also handled shock 
measurements in package design, crash and road test-
ing, and aircraft flight testing. 
Plus there's an Endevco signal conditioner to match each 
sensor we make-for a turnkey olution. 
So before your application puts the squeeze on you, contact 
Endevco today. 
25A lSOTRO • Ac:Werome!er. 
At 0.2 grams, It'S ~ world. smallest 
accelerometer with Integral dec· 
,ronics-with compliant leads for 
sensitive struCtures. 
2222C Piewdec:tric A.ccderorne=. 
The mdusay-standanl 2222C o/fe", 
low profile, ruggedntss, and inter· 
changeable cable assembly. 
MEGGITT 30700 Rancho ViejO Road, San Juan CapISClaIlO, CA 92675 USA 
Phone (BOO) 982-6732 Fax (714) 661·7231 ENDEVCO 
For More 'nfonnation Write In No. 453 
MCM-Based RISC Processor With Programmable Hardware 
This pocket-sized computer has 20 MIPS of processing power and 2.5 MB of RAM. 
I1SA s Jet Propulsion Laboratory, Pasadena, California 
A 32-bit reduced-in truction- et-com-
puting (RISC) digital data proce or i 
de igned to be readil configurable in 
hardware and oftware, both before 
and during u e, for adaptation to vari-
ous pecific tasks. This processor 
include 2.5 MB of random-acce mem-
ory (RAM); 640KB of electrically eras-
able, programmable read-only memory 
(EEPROM); and programmable hard-
ware in the form of four RAM-based 
field-programmable gate arrays (FPGAs); 
al l packaged as a multichip module 
(M M) with dimension of 2 by 4 by 
0.25 in. (51 by 102 by 6 mm) and mas 
of 100 g (see figure). Operating at a 
clock frequency of 25 MHz, the proces-
sor can execute as many as 
20 million instructions per 
econd (MIPS) while con-
uming a power of7.5 W. 
The design of the pro-
ces or follows an innova-
tive approach to program-
mable hardware to pro-
vide flexibility during the 
design and operational 
tates of the life cycle of a 
system in which the proces-
or would be installed. The 
design al 0 provides the 
capability for programming 
of time-multiplexed hard-
ware functions as needed, 
thereby reducing further 
the overall mass and vol-
ume of proce or hardware 
needed to accomplish vari-
ous tasks. The programma-
ble-hardware aspect of the 
de ign implements a con-
cept of hardware "u ers": 
the programmable hard-
ware i made acces ible to 
system users and applica-
tion users. 
The tem-u er programmable hard-
ware perform a number of dj tinct 
function, including the following: 
• Acting as an interface between the 
data-tran fer protocol of the proces-
sor and the corre ponding proto-
col(s) of the tern in which the 
proce or i install d; 
• Memory input/output and manage-
ment function; 
• Management of y tem-interrupt 
re ources; and 
• Management of pecialized hardware 
pecific to the ystem. 
TIle implementation of these functions 
in programmable hardware makes it pas-
ible to use only that portion of the system 
hardware that is needed for a pecific taSk. 
The application-u er programma-
ble hardware enables application 
u ers to de ign efficient algorithm or 
application program in hardware to 
achieve complex hardware/software 
codesigns. The application-u er pro-
grammable hardware al 0 provide 
flexibility for application u er to im-
plement time-multiplexed hardware 
configuration . 
The M M incorporate a et of 32-
bit proces or chips, along with the 
FPGA, RAM, and EEPROM chips 
mentioned above. A 128-KB portion 
of the EEPROM tore data for multi-
ple configuration of the FPGAs, and 
these data can be modi-
fied by bus masters. The 
re t of the EEPROM 
tores programs. 
The MCM i designed 
and built as a silicon cir-
cuit board, which is a si li-
con wafer with an inter-
nal decoupling capacitor 
and high-density inter-
connections among chip 
and other components 
implemented by routing 
wire deposited on silicon 
dioxide layer. The inte-
gral decoupling capaci-
tor eliminates the need 
for numerous decoupling 
capacitor chips, which 
would otherwi e occupy 
valuable area. These de-
sign features, along with 
tacking of RAM chips, 
make it pos ible to cram a 
total of 33 chip into the 
M M. The problem of dis-
ipating the heat from 
such dense circuitry i 
solved by use of an alu-
minum nitride package; 
aluminum nitride has a 
relatively high thermal 
conductivity. Moreover, 
aluminum nitride has a 
low coefficient of thermal 
expansion; this helps to 
prolong the lives of inter-
connections. 
The design of a flexible 
system should include par-
titioning of memory to pro-
vide sufficient memory for 
program and for access 
to information, tored in 
memory, on the configura-
tions of the ystem-u er and 
application-user parts of 
the programmable hard-
ware. In addition, the pro-
grammable hardware of 
such a system can support 
any of a variety of 32-bit 
RI C processors. 
The MCM-8ased RISC Processor features a compact, lightweight pack-
age that contains 33 integrated-circuit chips. Only 20 chips are visible 
here because RAM chips are stacked along the axis perpendicular to the 
plane of the photograph to achieve the required memory capacity within 
a design limit on volume. Connections to external circuits are made via 
442 pins. 
This work was done by 
Michael A. Newell, Wai-Chi 
Fang, Richard Johannesson, 
and Leon Alkalaj of Callech 
for NASA's Jet Propulsion 
Laborato ry. For further 
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We'll Catch You On The Web. 
Visit us at http://smallest.pharlap.com to see how you can develop embedded applications that take full advantage of the web. 
Pbar Lap's TNT Embedded ToolSuite@ 
Realtime Edition, complete with Realtime 
ETSTM Kernel, now comes with our robust 
networking protocol-ETS TCP/IP! This 
cutting edge feature allows your customers' 
mainframes, workstations, or PCs to 
communicate with products on the factory 
floor, in the lab, or at remote sites-all using 
Web technology! 
As a result, electronic OEMs can use this 
technology to create intelligent machines 
and instruments for an unlimited number 
of applications such as medical instruments, 
robotics, avionics equipment etc. 
In addition, we support a variety of network 
protocols as well as industry standard tools 
such as VISUal CH, Borland CH, CodeView, 
and Thrbo Debugger. 
And because Pbar Lap's TNT Embedded 
Tool$uite comes with development tools, 
a Realtime ETS Kernel, and now ETS TCP lIP. 
it is a one-stop shopping product with 
enormous power! 
To find out more, catch us on the ·World's 
Smallest Web Server" today at URL 
bttp:llsmallest.pharlap com or call a 
Pbar Lap sales representative! You'll be 
surprised how powerful the Web can be. 
The 32-Bit x86 Experts 
Embedded Development - Simply on Target TM 
Phar Lap Software, lnc. 60 Aberdeen Avenue, Cambridge. MA 02 138 • Tel: (6 17) 66 1-1510 • Fax: (6 17) 876-2972 • http://www.pharlap.com 
For More Information Write In No. 454 
information, write in 79 on the TSP Request 
Card. 
In accordance with PuiJlic Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 
Larry Gilbert Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315-6 
Pasadena, CA 91125 
(818) 395-3288 
Refer to NPO-19785, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
Photopolymerization of Electrically Conductive Films 
These nlms can be patterned to form printed circuits. 
Lewis Research Center; Cleveland, Ohio 
A method of photopolymerization 
of electrically conductive polypyrrole 
films on electrically insulating sub-
strates has been invented to enhance 
the manufacture of printed-wiring 
boards, printed-wiring flexible har-
nesses, housings for shielding against 
electromagnetic interference, and re-
lated products that are basic to mod-
ern electronic circuitry. This method 
provides the potential for a faster, 
cheaper, simpler, less-polluting alter-
native to conventional electroless 
deposition of copper, which involves 
expensive catalytic precious-metal 
seed and toxic chemicals in chemical-
ly unstable plating baths that must be 
monitored and controlled with great 
care. Like electroless plating, this 
method is used to coat an electrically 
nonconductive substrate with a thin, 
electrically conductive surface layer, 
upon which a thicker film of metal 
(usually copper or nickel) can there-
after be deposited electrolytically by 
conventional techniques. 
(a) 
In this method, a film is formed from 
a coating solution that contains silver 
nitrate and pyrrole monomer, using 
ultraviolet light to initiate polymeriza-
tion. U the solution also contains a suit-
able amount of aniline to reduce the 
high photo- and thermal activity of pyr-
role, the film can be patterned (e.g., to 
form printed wiring); this is done by 
exposing the monomer-coated sub-
strate to the ultraviolet light through a 
patterned mask, then developing (in 
the photographic sense) the pattern by 
using solvents to remove the monomer-
ic coating from the unexposed areas. 
The method can be used to form 
through holes as well as patterned con-
ductive strips (see figure). 
The method admits of numerous 
variations in processing sequences, tem-
peratures, times, and ingredients of 
monomeric solutions. For example: 
• Typically, the monomeric solution 
contains 1/ 8 mole of silver nitrate 
per mole of pyrrole, but other ratios 
could be used. 
(b) 
• In addition to the ingredients men-
tioned, the monomeric solution can 
contain a small amount of paratolu-
ene ulfonic acid, which helps to hard-
en the polypyrrole film. 
• After exposure and development, a 
patterned film can be heated to a 
temperature of 105 °C for 20 minutes 
to cure the polymer (that is, to com-
plete the polymerization). 
This wom was done by Oliver J Murphy, 
Dalibor Hodko, G. Duncan Hitchens, and 
Eric T. Clariu! of Lynntech, Inc.; David L. 
Miller of Huntsman Corp.; and Donald L. 
Parker of Texas A & M University for 
Lewis Research Center. For further infor-
mation, write in 22 on the TSP Request 
Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be 
addressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail top 7-3, 21000 
Brookpark Road, Cleveland, Ohio 44135. 
Refer to LEW-16274. 
(e) 
Photopolymerization Process for the manufacture of printed-wiring boards is illustrated in three photographs: (a) line patterns of conducting 
polypyrrole/polyaniline formed on a fiberglass epoxy composite substrate; (b) copper-plated and as-produced photopolymerized conducting poly-
mer line patterns on fiberglass/epoxy substrates; and (c) a copper-plated polymerized conducting polymer film on the wall of a through-hole in a 
printed wiring board. 
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1 Standard Fan Tray 
Choice of 55 Standard Fans 
Now, ebmIPapst offers one Sl3ndard fan lrny with 
your choice of fifty-five brushle<s DC or AC fan 
models. Air nows 50 to 108 CFM. Terminations 
to meet your needs. Custom trays also available. 
The POWER OF COOL contonues to lead the ondustry 
WIth the products, engineering and service to meet our 
customers' most demanding requirements. ebmIPapst 
offers all types of standard fans and blowers. plus the 
application engineering and manufactunng versatility to 
offer value-added, packaged cooling in FlatPak's""'. Fan 
Trays or Flo-Thru Modules TM. ebmIPapst is an ISO 900 I 
supplier with the ability to mectthe most stringenlquality 
and scheduling requirements. or simply ship a single order. 
Call today forinfonnation ora full-line catalog. Ask foran 
applicauon engmeer if you have a specific need. 
For More Information Write In No. 450 
----
Board Level Air Movers, 
Fans or Motorized Impellers 
Miniature fans from ebmIPapst have the same 
quality and performance as !he rest of our 
complete product line. These 40mm fans and 
motorized impellers olve board level problems. 
ebm5 
PAPST 
ebmlPapsl 
110 Hyde Road 
Farmington. CT 06034 
Phone: 860-674-1515 
Fax: 860-674-8536 
e-mail: saJes@ebm.com 
Internet http://www.ebm.com 
FREE Fan & Blower Catalog 
GET YOUR 
COpy NOW! 
ebmlPapst 
offers a 
complete line 
of Fans & 
Blowers. This 
easy-to-read. 
easy-to-use 
200-page 
catalog offers 
brush less DC 
andAC 
products for 
all kinds of 
air moving 
applications. 
Backward Curved Impellers 
offer Quiet Versatility 
Quiet operation without a scroll housing. 360· 
airflow. Higher efficiencies and quieter operation 
than most other air movers. AC Or brushless DC. 
Mount in Flo-Thru Modules™ for easy assembly. 
Tubeaxial Fans, 40mm to 
225mm, AND Everything 
in between! 
ebmlPapM offer the widest range of brushless 
DC and AC tubeax.ial fans in !he world. Plus all 
kinds of other air moving products. Application 
engmeers always available, 860-674- 1515. 
Most products are in stOCk, ready to ship. 
FLATPAK's = Spot Cooling 
A great an wer for PO! cooling, or shallow, tight fits. 
FLA TP M's are quiet, efficient and good for moving 
air against higher stalic pressures. FLATPAK ..... 
blowers mount in any position. DC or AC models. 
Czochralski Crystal-Growth System With Diameter Control 
Diameter control enhances the quality of nonlinear optical crystals. 
MarshaU Space Flight Center; Alabama 
The figure shows an experimental 
Czochral ki crystal-growth s tern with 
provi ions for monitoring and control 
of the diameter of the growing crystal. 
The ystem can be used to grow oxide 
or organic cry tals from melts, and i 
de igned e pecially for growing high-
quality single crystal of organic nonlin-
ear optical materials. Moreover, the sys-
tem is automated; once the y tern is set 
up and running, the technician can 
leave the system unattended and tum to 
other tasks. 
In Czochralski growth of an organic 
nonlinear optical material, variation in 
the diameter of the growing cry tal 
induce stresses that cause defects in the 
cry tal lattice. These defects act as Light-
scattering centers, which reduce the 
efficiency of nonlinear optical devices 
made with pieces of the crystal. Thus, 
the diameter of the growing crystal is 
critical and must be controlled precise-
ly to ensure crystalline quality high 
enough for commercial nonlinear opti-
cal devices. 
In this system, a crystal grows from 
the lower end of a shaft that is slowly 
pulled out of a temperature-control1ed 
melt by a lead-screw mechanism driven 
by a stepping motor under computer 
control. The shaft extends down from a 
motor that rotates the growing crystal in 
the melt. To provide for measurement 
of the weight of the growing crystal, the 
motor is mounted on top of an elec-
tronic balance on the lead-screw-driven 
platform. The output of the electronic 
balance is sent to the computer. 
The computer runs a program that 
provides control of the crystal profile 
(via control of the heater power and 
pull rate) from seed extension and 
necking through full-diameter growth, 
to termination and cooling. The pro-
gram includes a file that contains such 
parameters as the mass den ities of the 
crystalline material and of the melt, the 
diameter of the crucible that contains 
the melt, the length and diameter of 
the seed crystal, the cone angle for the 
initial stage of growth, the nominal fu\] 
diameter of the crystal, the nominal 
rate of growth of the crystal, propor-
tional/integral/derivative control para-
meters for different stages of growth, 
filtering factors for minimizing noise 
during acquisition of data, and feedfor-
ward values for controlling heater 
power. 
lOa 
As part of the control computation, 
the weight of the cry tal as a function 
of time, the diameter of the crucible, 
and the mas densities of the cry tal 
and melt are u ed to calculate the 
diameter and length of the crystal. If 
desired, temperature measurements 
can be u ed in tead of, or in combina-
tion with, weight measurements to con-
trol the temperature, and a power-feed-
back loop can be added to the program 
to stabilize the heater input power. 
The weight- ensing subsystem can be 
used in stabilizing the rate of solidifica-
tion as well as the diameter. Fluctuations 
in the rate of solidification cause fluctu-
ation in the rate of incorporation of 
Stepping Motor 
I 
Lead -+-+-~ ·B 
Screw 
Crystal-Rotation 
Motor 
\ 
dopants, giving ri e to nonuniformity of 
doping in the crystal. Thus the weight-
sen ing subs tern can help ensure the 
chemical uniformity of the crystal. 
This work was done by Benjamin C. Penn 
and Donald 0. Frazier of Marshall Space 
Flight Center and IWbert Mef:1.~ M. D. 
AggaTWa~ W. S. Wang, and J Choi of 
Alabama Agricultural and Mechanical 
University. For further information, write 
in 74 on the TSP Request Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be 
addressed to the Patent Counsel, MarshaU 
Space Flight Center; (205) 544-0021. Refer 
to M.FS-26420. 
D 
o 
Computer 
Electronic Balance 
-Shaft 
Growing Crystal 
Temperature-Controlled 
Heater and Circulator 
This Czochralski Crystal-Growth System includes a subsystem that measures the weight 
of the growing crystal for use in stabilizing the diameter of the growing crystal and the rate 
of solidification. 
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An Optical Filter for Underwater Communications 
A filter with an ultranarrow linewidth (0.20 nm) and high transmission 
(40%) at 532 om holds much promise. 
Naval Air Warfare Center, Aircraft Division, Warminster, Pennsylvania 
The practical operation of an under-
water-communication or ocean-water 
lidar ystem requires a matching narrow-
bandwidth laser transmitter and filter 
combination operating in the blue-
green spectral region. Since d3+ -doped 
yttrium aluminum garnet (YAG) is the 
most well developed olid-state laser to 
date, a filter operating at the second-
harmonic wavelength of this laser is of 
considerable practical in terest. A 
team has developed the first-ever 
Induced Dichroism Excited Atomic Line 
(IDEAL) optical filter operating at the 
doubled YAG frequency with a linewidth 
less than 10 GHz and a transmission of 
at least 40% for polarized light. 
The uniqueness of this filter is in the 
principle behind its operation, one the 
team believes has not been used 
before in the development of filters. A 
schematic representation of the exper-
imental setup is shown in the figure 
inset. The 4SI / 2 to 4P1/ 2 transition is 
excited with circularly polarized light 
at 770 nm from a 10-ns pulsed dye 
laser. The filter operates on the 4Pl /2 
to 8S I / 2 transition at 532.33 nm similar 
to a Faraday Anomalous Dispersion 
Optical Filter (FAD OF) . The plane of 
polarization of the incoming light, 
which is near-resonant with the atomic 
transition , is rotated by 90° and passes 
through a set of cross-polarizers. 
These block all light except what has 
been rotated by the cell. However, 
unlike conventional FADOF filters , 
no external DC magnetic field is nec-
essary for its operation. A circular 
birefringence at 532 nm induced by 
the circularly polarized pump beam is 
believed to be responsible for the 
polarization rotation. 
A typical transmission spectrum of 
the filter is shown in the figure . It was 
obtained by tuning the circularly polar-
ized pump beam with a peak intensity 
of approximately 0.8 MW/ cm2 to the 
4SI/ 2 to 4P 1/ 2 resonance at 769.9 nm. 
With the polarizers crossed, the low-
intensity (10 mW/ cm2) probe beam was 
scanned through the 4P 1/2 to 8SI / 2 
transition . The transmitted probe in-
tensity as a function of wavelength was 
measured by the photomultiplier tube 
and recorded. The filter transmission 
at a particular wavelength is a ratio of 
this intensity to that measured with the 
pump beam blocked and polarizers 
uncro sed. 
12a 
The filter transmi ion reached the 
optimum value near 532.33 nm. As the 
pump intensity was increased, tarting 
from 5 kW/ cm2, the peak transmission 
increased monotonically until a maxi-
mum of about 40% was reached at 0.8 
MW/ cm2, then levelled off and slightly 
decreased at even higher inten ities. 
The tran mission depended on the spa-
tial and temporal overlap between the 
pump and probe pulses, and disap-
peared when the pump pul e was turned 
off, or either of the two beams was tuned 
away from the re pective resonance. 
This confirms that the filter operates on 
the 4P1/2 to 8SI / 2 ES transition. 
0.5 
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side red optimized because the linewidth 
of the probe laser was somewhat larger 
than the Doppler linewidth of the tran-
sition. A preliminary model of the in-
duced circular birefringence suggests 
that transmis ion of up to 90% may be 
measurable with a narrower, more stable 
probe beam. 
The second issue concerns the noi e 
expectations of the filter, since it is 
actively pumped. Any excitation mecha-
nism that could upconvert the 769.9-nm 
pump photons to photons near 532.33 
would be a significant source of noise for 
this filter. The re ults of a preliminary 
noise measurement showed no such 
532.23 532.27 532.31 
Wavelength (nm) 
532.35 532.39 
Transmission vs. wavelength for the IDEAL optical filter. 
The principal feature of the spectrum, 
two barely resolved peaks, was repro-
duced in repeated scans for all the 
pump intensities used in this experi-
ment. This feature was interpreted as 
the two characteristic peaks of a conven-
tional FADOF pectrum that could not 
be resolved with the broader-linewidth 
laser used in the experiment. An 
attempt was made to characterize the 
structure by measurement of the spec-
trum under higher resolution using a 
pressure-scanned etalon in the probe 
dye laser's cavity. But because of the 
large pulse-to-pulse fluctuations in the 
laser's energy that resulted from the 
insertion of the intracavi.ty etalon, a reli-
able transmission measurement has not 
yet been possible. 
Two observations about the character-
istics of the IDEAL optical filter may be 
made. First, the 40% peak transmission 
demonstrated herein should not be con-
www.nasat.ech.com 
measurable noise down to about 100 
photons/ pulse, the limit set by scattered 
light from the doubled YAG pump laser. 
It may be instructive to compare this 
number to 4.7 X 104 photons detected at 
the filter transmission peak under the 
experimental conditions. The team is 
pursuing more quantitative measure-
ment of the noise level. 
In summary, this efficient narrow-
band optical filter is at a wavelength of 
practical and operational interest for 
both underwater communications and 
laser radar systems. Moreover, any sys.-
tem that requires high transmission and 
narrow linewidth at 532 nm will find this 
filter of great utility. 
This work was done by Dr. Richard 
Billmers and Dr. Vincent M. Contarino at 
the Naval Air Warfare Center, Aircraft 
Division, Warminster, PA. For more infor-
mation please call (215) 441-1569 or (215) 
441-3283. 
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We're coming at you! 
A family of DuPont Zyron® electronic gases 
to meet your etching and cleaning needs. 
DuPont is coming at you with commitment The commitment to balance environmental concerns with the 
need to maintain manufacturing output and quality-especially in a critical industry like semiconductors. 
DuPont is coming at you with products. We've introduced new Zyron® 23N5-a new CHF3 process with a 
purity level exceeding 99.999 percent. 
Also, DuPont has expanded the capacity of our existing Zyronll 116 (Cls) plant, and started up our second plant 
to ensure availability of product and reliable supply. 
We're coming at you with solutions. DuPont is also working with the semiconductor industry to minimize 
perfluorocompound (PFC) emissions and develop acceptable alternatives for the future. 
For more infonnation, call Robert Black at (610) 431-2743. 
Zyron· is a regIstered trademark of DuPont 
For More Information Write In No. 456 
([(JPotID 
Zyron 
electronic gases 
Device-Quality GaAs on Si Interlayers on Diamond Substrates 
Electronic and heat-sinking materials can be integrated into monolithic devices. 
Lewis Research Center; Cleveland, Ohio 
A material and fabrication proce s 
have been invented for making GaAs-
based integrated electronic circuits with 
superior heat inking. As hown in the 
figure, the material con i ts of (1) a top 
layer that compri e strips of electronic-
device-quality (ingle-cry tal) gallium 
arsenide alongside of dielectric trips 
containing ublayers of silicon dioxide 
and silicon nitride on top of (2) multi-
ple layers composed predominantly of 
gallium arsenide, all of which re t on 
(3) an interfacial layer of single-crystal 
silicon on (4) a ub trate of polycrys-
talline synthetic diamond. The GaAs, Si, 
and diamond are in complete, intimate 
contact at the atomic level and thu can 
be regarded as combined into a single 
material. By use of thi material, elec-
tronic and heat-sinking components 
can be integrated into monolithic 
devices to exploit the thermal coupling 
afforded by atomic-level contact and 
the exceptionally high thermal conduc-
tivity of diamond. According to a pre-
liminary thermal analysis, high- peed 
GaAs-based digital circuits made of this 
material could function at about 100 
times the pre ent industry maximum 
power density. 
A typical wafer of this material has a 
diameter between 1 and 3 inche (be-
tween 2.5 and 7.6 cm) and a total thick-
ness between 326 and 427 pm. The top 
layer of GaAs interspersed with Si02 
and Si, 4 is 2 to 3 llIIl thick, the Si layer 
is 25 pm thick, and the diamond layer 
is 300 to 400 11m thick. The GaAs is 
grown in the recesses between the 
Si02/Si, 4 dielectric strips. The pat-
tern of these recesses is tailored to the 
specific application. 
The material and the fabrication 
process are compatible with standard 
integrated-circuit fabrication equip-
ment and techniques. In the first tep 
of the process, a liB-in. (3-mm) thick 
wafer of (lOO)-oriented single-crystal 
silicon is cut 4° off axis toward (011); 
this is done to help compensate for the 
4-percent mismatch between the Si and 
GaAs crystal lattices. 
The equence of depo ition of the 
diamond and GaAs layers is dictated in 
large part by considerations of pro-
ce sing temperatures and differences 
among the coefficients of thermal ex-
pan ion of the component materials. In 
the econd step of the process, synthet-
ic diamond is grown on one ide of the 
wafer by chemical vapor deposition. 
14a 
ext, the thickne of the ilicon layer 
is reduced to 25 llm by either mechani-
cal lapping on the surface not coated 
with diamond, followed by poli hing, 
or chemical etching. 
There follm a rather complex e-
quence of tep in which the uncoated 
urface of the ilicon i cleaned and ub-
sequent layers are deposited, etched, 
and patterned. A layer of ilicon i 
depo ited by molecular-beam epitaxy 
to a thickne of 1 lJID, followed by the 
next-ta-top dielectric i02 sublayer (1 
llIIl thick), followed by the top dielec-
tric i, 4 sublayer (2 pm thick). The 
reces es in the dielectric Si02/ Si, 4 
layer are formed in the de ired pat-
tern by reactive ion etching all the way 
down to the silicon. Then the follow-
ing layers are depOSited: (1) a seed 
layer of GaAs 300 A thick, (2) a 1,850-
A-thick superlattice compri ing five 
200- -thick layers of (GaAs) 0.s (Si2) 0.2 
alternating with five 170-A-thick layers 
of GaAs, (3) a 0.2-llIIl-thick layer of 
GaAs, (4) a second 1,850-A-thick super-
lattice, (5) a I-llm-thick layer of GaAs, 
(6) a third 1,850-A-thick superlattice, 
and (7) a I-llm-thick layer of GaAs. 
MostlyGaAs 
The uperlattice help to prevent 
the propagation of defects from the 
i/GaAs interface to the top GaAs layer. 
On top of thi tructure, the de ired 
electronic-device layers are depo ited. 
The portion of the final GaAs layer 
depo ited over each of the dielectric 
iOy/ i, 4 trips is polycry talline, but 
the portion depo ited on the silicon in 
each rece s between the SiOy/ Si, 4 
strip i formed as a ingle crystal, as is 
necessary for fabrication of electronic 
circuitry. The polycrystalline material 
can be removed, with minimal damage 
to the ingle-crystal material, by elective 
chemical etching in an aqueous olution 
of ammonia and hydrogen peroxide. 
This work was done by Susan R ReinecM, 
Samuel A. Alterovitz, and John Dickman of 
Lewis Research Center and &inee N. 
Simons of NYMA, Inc. For further informa-
tion, write in 26 on the TSP Request Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be 
addressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Rd., Cleveland, OH 44135. 
Refer to LEW-15984. 
About 
3501IIll 
GaAs. 51. and Synthetic Diamond are combined into what amounts to a single material. 
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Accessories for Pulsed-Laser Deposition of Superconductors 
Larger substrates can be coated without breaking vacuum before deposition is complete. 
Lewis Research Center, Cleveland, Ohio 
Three accessories have been devel-
oped to improve pulsed-laser deposi-
tion of epitaxial thin films of high-tem-
perature superconductors (e.g., yttrium 
barium copper oxide) and other com-
plex ceramic materials on sapphlre, lan-
thanum aluminate, and other sub-
trates. These accessories are designed 
to do the following: 
• Enable the de po ition of both an 
interfacial buffer film (e.g., cerium 
oxide or zirconium oxide in the case 
of a sapphire substrate) and a super-
conductor film in a single evacuation 
of a deposition-chamber system, 
• Ensure uniform temperature (about 
950°C in oxygen partial pressure for 
depositing the buffer film and about 
800 °C for depositing the supercon-
ductor film) across a substrate of area 
as large as 20 cm2, and 
• Enable deposition on both sides of 
a substrate of uch large area. 
In a typical older pulsed-laser depo i-
tion apparatus, the substrate was heated 
by direct contaCl with a heater plate, 
which could not maintain an acceptably 
uniform temperature (variation of no 
more than 10 0c) over an area larger 
than 1 em2• The apparatus included a 
holder for only one target (the source of 
material to be deposited on the sub-
trate), making it necessary to cool the 
substrate and break vacuum to intro-
duce different targets to form 
multilayer films; this extended the pro-
ce ing time and made the sub trate and 
film vulnerable to airborne contamina-
tion. Moreover, it was not po ible to 
depo it films on both sides of a u b trate. 
The three accessories overcome some of 
these limitations. 
One of the acce orie is a multiple-
target holder. This device holds as many 
as ix targets and, at a given time, places 
one target in the path of the laser beam. 
During exposure to the laser beam, a 
motor and a planetary-gear mechanism 
rotate the target to ensure uniform ab-
lation and a controlled deposition rate. 
The motor is located outside the depo-
ition chamber and is ealed for hlgh 
vacuum compatibility b ' use of stainless-
teel welded bellows feed-throughs that 
permit ufficient motion for manipulat-
ing the targets. 
The second accessory is a flat-plate 
heater, whlch is basically an extended ver-
ion of the previous contact heater plate. 
It include a relatively thick, flat plate 
to which a resistive heating element is 
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brazed, forming a single heating unit. 
Although not applicable to deposition on 
both ides of the substrate, the flat-plate 
heater nevertheless provides an improve-
ment in that it can maintain a very uni-
form temperature over an area as large as 
20 em'. 
The third accessory is a black-body type 
heater. This device is based on the con-
cept of placing the substrate in a cavity, 
the interior vv'a\ls of which are held at a 
uniform temperature. In principle, the 
ubstrate would equiHbrate to a temper-
alure dose to that of the ca"ity. In prac-
tice, there must be an opening to admit 
the deposition plume, so that a perfect 
black-bod cavity cannot be realized. An 
effective approximation to a black-body 
cavity can be obtained by judicious 
choice of the aperture, materials, and 
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other aspects of the de ign, as fo11m : 
The practical black-bod heater include a double-walled 
nickel-a1lo linder with in ide diameter of about 7 cm and 
length of 10 cm, containing a cable heating element coiled 
within the double wall. The ub trate i mounted within the 
cylinder and can be rotated during depo ition to achieve high-
er thickne uniformity acro the wafer. One end of the cylin-
der erve the aperture for entry of the depo ition plume. To 
reduce heating of nearby objects and make the interior tem-
perature more nearly uniform, the heater i enclo ed within a 
combination of concentric metal shield, the outermo t one of 
which i cooled with water. 
This work was dune by Alherto Pique and teven Green oj eocera, 
Inc., and Kin Di Wu oj Los Alamos ational Laboratory Jor Lewis 
Research Center. For Jurther inJormation, write in 53 on the TSP 
Request Card. 
Inquiries concerning rights Jor the commercial use oj this invention 
should be addressed to IlSA Lewis Research Center; Commercial 
Technology Office, Attn: Tech BrieJ Patent tatus, Mail tap 7-3, 
21000 Brookpark Rd., Cleveland, OR 44135. ReJer to LEW-15873. 
Selective Microwave Heating 
of Thin-Film Heterostructures 
Highly microwave-absorbent thin conductive 
f'I.lms are heated more strongly than are 
less-microwave-absorbent substrates. 
NASA s Jet Propulsion Laboratory, 
Pasadena, California 
elective microwave heating of thin"film heterostructures 
hows promi e as a technique for use in fabrication of inte-
grated circuits. The basic idea is to take advantage of the prop-
erties of the materials in question when, as sometimes occurs, 
there is a need to heat (e.g., for annealing) a thin film of a rel-
atively highly microwave-absorbent material (e.g., copper) 
that has been deposited on a less-microwave-ab orbent sub-
trate (e.g., silicon or silicon dioxide), and to minimize the 
heating of the ubstrate. Fortuitously, it is possible to achieve 
CuRlm 
Si02 Substrate 
BEFORE HEAnNG 
CuRIm 
5102 Substrate 
AFTER HEATING 
Annealing by Selective Microwave Heating removed the voids 
from a copper film on a grooved silicon dioxide substrate. The flow of 
copper to remove the voids and fill the grooves has been conjectured 
to involve diffusion of the copper rather than melting, because the 
maximum measured temperature of the copper film was below its 
melting temperature. 
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the desired preferential heating of the 
copper or other thin film by suitable 
choice of tbe microwave power, frequency, 
and electromagnetic-field configuration. 
The feasibility of the method was dem-
onstrated in experiments. 10 a typical 
one of the e experiments, a grooved sil-
icon dioxide substrate coated with a 
copper film about 1 pm thick was 
placed in a cylindrical cavity and ori-
ented so that the electric field in the 
TM010 mode of the cavity would be 
parallel to the outer surface of the film. 
The cavity was excited in its TM010 
mode at a power of about 1.2 W for in-
terval of about 30 s, heating the copper 
sufficiently to make it flow and fill in the 
voids that were present before heating 
(see figure) . This is ignilicant for the 
development of ultra-large-scale inte-
grated circuits: heretofore, the presence 
of such voids and the lack of a suitable 
technique for eliminating them degrad-
ed the reliability of interconnections in 
uch circuits. 
This work was done by Martin B. Barmatz 
of NASA's Jet Propulsion Laboratory, 
and Harry A. Atwater and Ruth A. Brain of 
Cal/ech. For fUTther information, write in 52 
on the TSP Request Card.. 
In accord(lnCl! with Public Law 96-517, 
the contractor has el£cted to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 
William T. Callaghan, Manager 
Tech1UJlogy Commercialization 
JPl.r301-350 
4800 OaR Grove Drive 
Pasadena, CA 911 09 
Refer to NPO-19402, volume and number 
of this ASA Tech Briefs issue, and the 
page number. 
Narrow-Channel Fused Fiber Wavelength Division 
Multiplexers (WDM) 
Fiber optic WDMs with closely spaced wavelength channels are mode 
to operate independently of the input light's polarization. 
Naval Command, Control, and Ocean SurveiUance Center, RDT&E Division, San Diego, California 
Wavelength division multiplexing 
(WDM) is a technique whereby multiple 
laser signals, each at a distinctly differ-
ent optical wavelength, are transmitted 
simultaneously over a single optical fi-
ber. The method can be used to increase 
the overall capacity of a fiber link, or it 
can allow routing of signals in a fiber 
optic system based on the wavelength of 
the signal carrier. 
WDMs made using the fused fiber 
technique are currently able to multiplex 
signals in the low-loss communications 
bands of single-mode fibers around 1300 
nm and 1500 nm. But to more fully uti-
lize the bandwidth made available byop-
tical fibeJ~ it is necessary to multiplex 
greater numbers of wavelengths within 
each of these low-Io bands. The fabrica-
tion technique described here allows the 
production ofWDMs, using the fused fiber 
method, with the necessary small wave-
length separations. 
Fu ed fiber couplers are made by 
aligning twO ingle-mode fibers ide by 
side, fusing them together over a given 
length, and elongating and tapering the 
fu ed region. This proce allows an 
optical mode field propagating in one 
fiber to interact with the guiding region 
of a second fiber, resulting in light being 
coupled from one fiber to the other. 
Such coupling depends on several fac-
tors, including the effective length of the 
fused region, the cross-sectional shape 
and dimension of the fused region, and 
mo t importantly the wavelength of light 
launched illto the fused coupler. A prop-
erly designed fused fiber WD {will have 
a rai ed sinusoidal coupled-power depen-
dence on the wavelength, ideally with a 
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coupled power at one wavelength AI of 0 
(or 100) percent, while the coupled 
power at a second wavelength ~ will be 
100 (or 0) percent. A coupler with these 
characteristics can perfoml the opera-
tions of multiplexing, demultiplexing, 
and bidirectional transmission of two op-
tical signals at wavelengths AI and /...2. 
The wavelength separation of a fused 
fiber WDM can be selected at the time of 
manufacture. This is done by launching 
light of a given wavelength into one of 
the optical fibers, and monitoring the 
output leads of both. As the fiber are 
fused and tapered, light will begin to 
couple over from the first fiber into the 
Tracking Devices Demand Guaranteed High 
Energy Density, Reliable Batteries. 
Let us help solve your power source needs with standard or custom-
designed lithiumlthionyl chloride batteries that provide: 
• Long life • High hock and vibration resi tance 
• Hennetic sealing and sustained OJ)T<ltioo from -55°C to +2000C 
• Sizes with capacities ranging from .14 to 135 amp hours 
Send for your free copy of SAFETY FIRST, a manual for 
the ate handling and storage oflithiumltbiooyl chloride batteries. 
For more information, call 
1-800-685-4844 or 617-361-7555 
Fax: 617-361-1835 
E-mail: info@batteryeng.com 
Web site: bttp:/Iwww.batteryeng.com 
BE' 
Battery Engineering 
1636 Hyde Park Ave. 
Hyde Park, MA 02136 
For More Information Write In No. 461 17a 
PROCESS ALL THESE MATERIALS AT ONE SOURCE 
MATERIALS (001" to ••• , 
CR Steel .19" 
Acrylic 1.00" 
Stainless .06" 
Lexan .2S" 
Wood 1.00" 
Rubber .OS" 
Phenolic .2S" 
Dieboard .7S" 
Any other materials, 
eal/ for details. 
EXAMPLES 
GOMPF MANUFACTURING 
1410 19th Ave. NW. 
Issaquah, WA 98027 
Phone: (206) 39HJ495 
Fax No.: (206) 391.0496 
For More Information Write In No. 462 
Outside US.A. Phone 313/591-9176 
Livonia, Michigan USA- 1-800-553-9070 
FAX: 313/591-7852 
1---___ ---'_ US AT SENSORS BOOTH NO J 904 
18a For More Information Write In No. 463 
econd. As the tapering continue, the light will begin to 0 cil-
Iate sinu oidall between the two fibers. This dependence of 
coupled power on th elongation of the coupled region is 
hown in the figure. 
If the heating and pulling is topped at any point where the 
coupled power is 0 or 100 percent, the device will be capable 
of operating as a WDM. The eparation between the operating 
wavelength depends inversely on the number of time the 
optical power has cycled back and forth between the fibers. 
Thu for clo ely spaced wavelength channels, the coupler must 
undergo many power-tran fer cycle (and hence have a great 
elongation span). 
The major impediment to manufacturing fu ed fiber WDM 
with narrow channel pacing is the dependence of the cou-
pling on the polarization tate of the input Light. Such depen-
dence manifests itself in an envelope that can be obsel>1ed in 
the coupled-power- .-elongation plot hown in the figure. For 
great lengths, this envelope can pre ent the O-or-100%-cou-
piing condition nece sary for the device to operate properly as 
a WDM. The re earcher found, however, that if the elongation 
is stopped at one of the peaks of the envelope function, the 
operation of the resulting device is insensitive to polaJization. 
The approximate wavelength spacing can be cho en by stop-
ping the manufacturing proce at a particular peak in the 
polarization envelope. The de ired wavelength spacing can 
then be fine-tuned by changing the degree of fu ion of the 
two fibers. In the CCOSC manufacturing station this was 
achieved by changing the di tance that the heat source, an 
oxygen-propane microtorch, is toggled underneath the fiber. 
Using thi method, polarization-independent narrow-channel 
(PINC) WDM have been manufactured with wavelength spac-
ing between 13 and 35 run. With further refinements of the 
computer-controlled manufacturing station, it is expected 
that PINC WDMs with pacings of less than 10 nm will be read-
ily achievable. The resultant couplers have very low 10 (les 
than 0.2 dB) and low crosstalk (better than 20 dB of channel 
i olation with a 1-nm optical band pas ), and are environmen-
tally stable. 
This work was done by Richard Orazi and Matt McLandrich of the 
Naval Command, Control, and Ocean Surveillance Center 
(NCCOSC), Research, Development, Test & Evaluation Division. 
Inquiries concerning rights for the commercial use of this invention 
should be addressed to Commanding Officer, AU: Technology Transfer 
Liaison, NCCOSC RDTE DIV 0143, 53560 Hull St., San Diego, CA 
92152-5001; (619) 553-2101. 
Coupler Elongation {mmJ 
Optical power coupled over into the second optical fiber as a function 
of the elongation of the fused region, for one input wavelength. 
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Computed Responses 
of Graded MMCs to 
Thermal Gradients 
The micromechanical and macromechanical 
aspects are integrated into a single 
mathematical model. 
Lewis Research Center, Cleveland, Ohio 
A method of analysis has been introduced to compute stress-
es in functionally graded metal-matrix composites (MMCs) 
exposed to gradients of temperature. The term "functionally 
graded" characterizes an emerging class of materials, the 
microstructures of which are spatially graded to achieve spe-
cific thermal and/or mechanical properties. In the case of a 
composite material, functional grading can be effected by use 
of spatially variable spacing between individual inclusions (typ-
ically, the inclusions are fibers), and/or inclusions of different 
properties, izes and shapes. One important class of applica-
tions involves grading to decrease thermally induced macro-
scopic bending moments in structural components. thereby 
decreasing thermal distortions of the components. 
The method is best explained by use of the following exam-
ple. The figure illustrates a mathematical model of a func-
tionally graded matrix/fiber composite plate that is of thick-
ness H along the XI axis and extends to infinity in the Xrx, 
plane. The plate is subjected to temperatures TTand TBon its 
top (XI = 0) and bottom (XI = H) surfaces. respectively. The 
matrix is reinforced by periodic arrays of fibers in layers par-
allel to the XrX, plane. The grading in this case consists in 
variations in the distances along XI between the layers. The 
fibers can be either continuous or of finite length. Further, the 
fibers in each layer can have thermoelastic properties different 
from those of the fibers in other layers. Thus, the model admits 
a variety of materials with tailored microstructures, including 
metallic and ceramic phases sized, shaped, and functionally 
graded to obtain changing properties for applications that 
involve severe thermal gradients. 
The mathematical model is subdivided into repeating unit 
cells, each consisting of eight subcells. Each subcellis desig-
nated by the triplet (a/31J. which indicates the relative position 
of the given subcell along the three axes. The dimension of 
the subcells are hi and ~ along the ~ axis and II and ~ along 
the X, axis; these dimensions are fixed in the given configura-
tion, whereas the interlayer distance dz(P) can vary with p. 
where p is an index number that indicates the relative position 
of a unit cell along the XI axis. 
It is important to note that in thi model. a repeating unit 
cell is not a representative volume element. the effective prop-
erties of which can be obtained through homogenization. 
Rather. each unit cell is a di tinct component of a repre enta-
tive volume element, which comprises an entire column of 
such cells spanning the thickness of me plate (along the XI 
direction) . The respon e of each cell is explicitly coupled to 
the response of the entire column of cells and thereby to the 
response of the entire plate. 
The thermal boundary-value problem is solved in two steps. 
In the first step, the distribution of temperature [T(xl)] in the 
plate is determined by solving the differential equation for 
conduction of heat in a steady state in each cell. Because of tlle 
periodicity in, and infinite extent of. the Xrx, plane, it suffices 
to determine the distribution of temperatures in a single col-
umn of cells. Given T(xl), and the resulting thermal compo-
nents of strain, me stresses and strains in the cells and subcells 
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are computed by solving the equilibrium 
differential equations for stresses and 
strain, subject to the applicable conti-
nuity and boundary conditions. 
The method has been applied in the 
analysis of several versions of a concep-
tual composite plate made of nonuni-
formly spaced silicon carbide fibers 
embedded in a titanium alurninide ma-
trix. The numerical results indicate that it 
is possible to alter the distribution of tem-
perature, in a way that yields a more 
favorable distribution of stress, by grad-
ing of the microstructure of the compos-
ite. In designing the graded microstruc-
ture, one must take account of the sign of 
the gradient of temperature. 
This work was done by Steuen M. Arnold 
of Lewis Research Center and Jacob 
Aboudi and Marek-Jerzy Pindera of the 
University of Virginia. No further docu-
mentation is available. 
Inquiries concerning rights for the commer-
cial use of this invention should be addressed 
to NASA Lewis Research Center; Commercial 
Technology Office, Attn: Tech Brief Patent 
Status, Mail Stop 7-3, 21000 Brookpark 
Rd., Cleveland, OH 44135. Refer to LEW-
16007. 
---------~----~---
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DETAIL OF UNIT CELL 
A Cellular Mathematical Model is used to compute distributions of temperature and the resulting 
st resses and strains in a composite material that is functionally graded along the X, axis and is sub-
jected to a gradient of temperature along that axis. 
www.nasatech.com March 1997 
chip components that 
combine capacitof and indJctor elements in a single 
distributed constant circUt filter for EMI noise suppres-
sion. The company says the filters are ideal for noise 
suppression for va and clock output lines in hIgh-
speed computer circuits. Specified by cutoff frequen-
cies (25. SO, 100, and 200 MHz), each filter has typical 
attenuation of 20 dB (JIIer frequencies from 200-1100 
MHz. The KNF series is rated at 25 V and 200 mA with 
capacrtance ranges from 33-235 pF. Typical prices are 
from $0.20-0.25 In quantities of 100,000. 
For More Information Write In No. 800 
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The SI-702B series biaxial 
electronic tilt sensors from 
Columbia Research labo-
ratories, Woodlyn, PA, use 
force balance accelerome-
ter technology to produce a 
high-level, low impedance output proportional to the 
sine of the tilt angle. Bectronic damping and desensi-
tization circuitry allows measurements along two per-
pendicular axes in strong vibration and shock envi-
ronments. The SI-702HP uses the company's HP 
suspension system for added accuracy and rugged-
ness. Applications Include platform stabilization, sur-
face mapping, and measuring tilt angles in remote 
locations. 
For More Information Write In No. 803 
series of 
high-power-density surface-
mount nesistors from IRC, 
Boone, NC, have resistance 
values as low as 0.05 ohm 
with a full 1-W rating at 70 
'C. The company says the 
cylindrical resistors have a larger surface area for 
cooler operation than flat chips of the same 2010 
footprint, and a higher surge-handling capability. The 
MRC-l is available in values of 50-99 milhollms at ±2 
percent tolerance. MaxImum operating voltage IS 
rated at 700 V and maximum operating temperature 
at ISO 'C. Typical poong is $0.25 for the O.05-o1lm in 
production quantities. 
For More Information Write In No. 806 
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A new family of 
SOIC/SOJ test clips 
from ITT Pomona 
8ectronics, Pomona. 
CA, is designed to smpIify test access to 32-,40-, and 
44-pfi devices. The company says the natTOW body 
profile enables the dips to be placed on ctips that are 
densely packed, end-tCHlnd or side-to-side. Upper 
contacts are double rr:1NS of 0.025-tl. square PIOS 
placed at 0.1 OQ-in. centers, aIowing access with stan-
daId ribbon cable comectors of ~le-point clips such 
as Pomona's Grabber.- The one-piece gold-plated 
beryllium copper pins assure positive contact between 
the dip and the leads of the device under test. 
For More Information Write In No. 809 
March 1997 
The Accudose 9000'" 
family of tools Is called 
by Oriel, Stratford, CT. 
the most precise pho-
toresist photos peed 
testing instrument in 
the worid. The compa-
ny says the exposure 
system offers significant advantages CNer an optical 
stepper. including superior dose resolution, a modest 
price, and a small footprint. Oriel says its precision 
makes It ideal for measuring photoresist batch-to-
batch variability. 
For More Information Write In No. 801 
converter mod-
ule from Vicor 
Corp., AncIover, 
MA. measures just 2.28 X 1.45 X 0.5 in., one third the 
size of the company's full-size package. It accepts a 
nominal input voHage of 48 VDC and provides a 12-V 
output with 86 percent efficiency, according to the 
company. Input range Is 36-75 V, output is program-
mable from 1.25-13.2 V, and power density is 90 W 
per cubic Inch. Single-piece price is $112. 
For More Information Write In No. 804 
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Cognex Corp., Natick, MA, 
has introduced the BGA 
Inspection Package, a 
PCI-bus plug-in vision processor and appllcation-
specific machine-vision software package for the 
inspection of ball grid arrays (BGAs). Manufacturers of 
BGA assembly and test equipment can Incorporate 
the package in machines to inspect BGA devices, an 
alternatiVe to pin grid arrays and leaded devices for 
attaching IC chips to printed circuit boards, for defec-
\Jve solder balls at up to 4000 balls per second. With 
Windows""-based software, processor, on-line docu-
mentation. and two calibration plates, the package 
sells for $9,500-$12,500 depending upon quantity. 
For More Infonnation Write In No. 807 
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The Model 4803 GPtB-
controlled digital inter-
face board offered by 
ICS Electronics, Milpitas, 
CA, Is designed as a 
IEEE-488.2 interface for adapting instruments or 
other devices with parallel digital signals to the GPtB 
bus. It provides 40 programmable va lines that are 
user-configurable as Inputs or outputs In 8 roo 
groups. The lines use BCT-type drivers with high 
sinklsource capability to drive digital signals, LEOs, 
relays, or other loads up to 48 mAo The 4803 is pack-
aged on a 4.5-X-5.5-in. board that can be mounted 
almost anywhere in the host chassis and requires only 
400 mA of +5 V DC. 
For More Information Write In No. 810 
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A new series of 
lED-based lamps 
from Ledtronics, 
Torrance, CA, is 
designed for high-traffic, high-vibration locations such 
as exrt signs abCNe automatic doors, in parking struc-
tures, schools, or theaters. Designated the EXL -R (for 
red) or EXL-G (green) seOes, the lamps fully comply 
with UL-924 standards. They are socket and circuit 
compatible with most standard exit signs. The lED 
row consumes less than 1 W per lamp. At l00-set (2 
lamps) quantities, price for 120-V red is $18.SO and 
for 120-V green $37.00. 
For More information Write In No. 802 
Energy 
Inc., Fort Collins, 
CO, says its new 
GRX-6.0K-H pulse generator produces clean, high-
voltage pulses with amplitudes to 6000 V, with rise 
and fall times less than 65 ns. Optimized for driving 
capacitive loads, it is designed to pulse extraction 
grids and deflection plates In time-of-flight mass 
spectrometers and particle accelerators. The compa-
ny says the device is well suited for driving Pockels 
cells and acoustic transducers. and for component 
testing. Pulse widths are less than 150 ns to DC and 
pulse recurrence frequencies from single-shot to 
greater than 10kHz. 
Thomas & Betts, Memphis, 
TN, says that its new one-
piece fine prtch (O.OSO-in. 
centeriine) cardedge con-
nectors give deSigners an economical means of 
transmitting high-speed signals between daughter-
cards and backplanes with low signal distortion. The 
connector can simultaneously switch signals with 
5OO-ps rise times, limiting near-end cross talk to 5 
percent maximum (3 percent at 1.0 ns) and with SO-
ohm Impedance. The connectors are available with 
30 to 150 dual rows of contacts in both surface-
mount and through-hole conflQurations, with stan-
dard tail lengths of 0.1 00,0.125,0.155, and 0.190 in. 
For More Infonnation Write In No. 806 
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Grace SpeciaJty Poly-
mers. Lexington, MA. 
ntroduces STYCAST8 
encapsulants for a 
broad range of applicationS with temperatures rang-
I/lQ from -65 to 230 'C. The company says the 
encapsulants have excellent chemical resistance, 
thermaJ shock. and eIectrX:aJ IIlSUlabon characteris-
tics, and adhere well to metals, plastics, ceramics, 
and glass. Typical dielectric strength and volume 
resistivity are >400 v/mj and 10" ohm-cm respec-
tively. Epoxy- or silicone-based, the materials come in 
one- or two-component systems. 
For More Information Write In No. 811 
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When it comes to power, serious designers 
think of TAMURA. Our extensive family of 
products includes linears, switchers, converters, 
wall plug-ins and power transformers. 
For world-class manufacturing, reliability and 
responsibility, go to the source: TAMURA. 
Fax your 
power 
needs 
today to 
(909) 676-9482. 
Q Tamura quality circles the electron world. 
e ~B~~~ ~~~~~1,!~r:!./~~70~~~ 
See us at the NOES show, booth #3190; at Portable By Design '97, booth #814 and 
at South con '97, booth #s 407, 409 and 411 For More Information Write In No. 465 
TECH BRIEFS 
DESIGN ENGINEERI 
PRODUCT SHOW 
New Products and Services lor NASA Tech Briefs readers. For more information, write In 
the corresponding number on the Reader Action Request Form (precedillf1 page 9TJ. 
VISIT OMEGA ON 
THE WORLD 
WIDE WEB 
Our Omega Engineering 
World Wide Web site brings 
solutions to the process mea-
surement & control industry. 
We are your source for techni-
cal and produce infurmation on 
remperature, humidity, pressure, force, strain, flow level, 
pH, and conductivity, electric hearers, and data ""'Iuisi-
tion. If you have a special requirement, contact our custom 
engineering department and they will create a produce fot 
your application. htrp:llwww.omega.com. 
Omega Engineering Inc. 
For More Information Write In No. 300 
PORTABLE NOMADTM 
TEMPERATURE & 
TEMPERATURE! 
HUMIDITY DATA -
LOGGER 
Omega'. Nomad Series datalogger is a low-cost, easy-to-
use, compact, portable datalogger, which can record 
either remperature or temperarure/humidity data. The 
Nom.d-T dacalogger measures and records .. mperature 
using an internal remperarure sensor &om -40' to lO'C, 
or with the optional remote sensor from -40' to 123'e. 
The Nomad-RH measures and records both tempetature 
from -40' to lO'C and relative humidity from 20 to 
95% RH, simullaneously. 
Omega Engineering Inc. 
For More Information Write In No. 303 
DATA 
ACQUISITION 
BOARDS FOR 
DESKTOP 
PCS 
Omega is proud to introduce the new DAQBOARD 
Series of PClAT -compatible data ""'Iuisition and contrOl 
boards. The DAQBOARD Series offen more signal con-
ditioning choices than any comparable producI, while 
also offering high-speed perform.ance and a low cost. The 
unil features AIDs, DIAs, digital I/O, and 
counter/rimers. A wide range of inpur types are available 
from thermocouples to Strain gages_ The unil may be 
expanded from 16 ro 256 inpur channels. 
Omega Engineering Inc. 
WORKBENCH 
DATA ACQUISI-
TION SOFTWARE 
FOR WINDOWS 
OFFERS SUPERB 
GRAPHICS 
Worklknch for Windows is a 
measuring process conuol and analyzing software pack-
age which rakes full advanmge of the features and graphi-
cal interface provided by Microsoft Windows. With 
WorkBench for Windows, a measuring process and 
control or simulation task can be set up directly on 
screen, freely and in any configuration of the integrated 
functional components, by selecting and connecting 
modular elementS. 
Omega Engineering Inc. 
For More Information Write In No. 301 
NON-CONTACT 
SPEED SENSOR 
PULSE OUTPUT 
FROM 0 TO 3) KHZ 
Omega intrOduces the new SPRI 0 1 Series non-contace 
speed sensor. The unil is ideal for RPM and speed mea-
SUlement applications and is capable of sensing from 
absolute zero to 20 KHL The SPRlOJ utilizes cwo hall 
effect sensors and will sense any krrous metal obj= at a 
maximum dislance of 0.5mm. PNP or NPN models are 
available and provide a square wave OUlpUI with an 
amplirude equal to the applied voltage. 
Omega Engineering Inc. 
For More Information Write In No. 304 
~OMJSERIES TRANSDUCERS WITH BUILT-IN MODEMS 
Utilizing a buill-in modem, Omega's OM} Series trans-
ducers rransncil formatted data obtained from inpul sen-
sors over standard phone lines to remote PCs. UnitS are 
self-powered by virrue of the phone line, and are FCC-
approved. Models are available ro measure temperarure, 
pressure, 4-20 rnA current loops, and rank level. The 
NEMA 4x corrosion-resistant 316 stainless Sted housing 
makes il suitable for applications such as rank &rms and 
pumping stations. 
Omega Engineering Inc. 
For More Information Write In No. 307 
EASY -TO-USE 
180MM PANEL-
MOUNTED CHART 
RECORDERS 
Omega announces the RD 1800 
Series flexible, powerful, easy-to-
use 180mm panel-mounted chan 
recorders. Models are available with 1-, 2-, 3-, or 4-pen 
continuous trace or 6-, 12-, 18-, or 24-channel dot print-
ing. Universal inpUtS are completely scalable and can be 
programmed for thermocouples, RTDs, or volmges up to 
20 VDe. A large, bright display, bar graph display, and 
printout of chart settings allow for quick interpretation 
ofdara. 
Omega Engineering Inc. 
For More Information Write In No. 302 
AUTOMATIC 
VOICE DIALER 
SYSTEM FOR 
ALARM & 
SUPERVISION 
REPORTING 
The Model OMA-A VDS-4 serves as a reW.hle walchdog 
over sile conditions wben you can', be there. Fearuring 
non-volarile speech recording, rhe OMA-A VDS-4 letS 
you record emergency and identification messages using 
your own voice. The unil can monilor the bell OUtpUI of 
your alarm panel or dry contact and wben an alarm con-
dition occurs, automatically call up to eight phone num-
bers and deliver your emergency voice message. 
Omega Engineering Inc. 
For More Information Write In No. 305 
DIN RAIL-
MOUNTABLE 
SIGNAL 
CONDITIONERS 
Omega is proud 10 inuoduce 
the ccr Series, an econoncical 
line of DIN rail-mountable sig-
nal condilioners. Available 
input types include RID, ther-
mocouple, strain, frequency, volmge, and currenl. The 
ccr easily conditions a wide range of signals inro stan-
dardized formatS. Signal conditioners feature isolation up 
l02KVeff. both 20 rnA and 10 VDC outputs. Units are 
powered by 120 VAC and mounl on standard 35mrn 
DIN rail 
Omega Engineering Inc. 
For More Informarion Write In No. 308 
Product Showcase 
"OPTICS FOR 
INDUSTRY" 
Free 130 page catalog from 
Rolyn, world's largest sup-
plier of · Off-[he-Shelf" 
optics. 24-hour delivery of 
simple or compound lens-
cs, mcers. prisms, mirrors, 
beamspliners. reticles . 
objectives, eyepieces. plus 
thousands of orher Stock items. A[ off-rne-shdf pri=. 
Rolyn also supplies custOm products and coatings in pro-
totype or production quantities. 
Rolyn Optics 
706 Arrow Grand Circle, Covina, CA 91722-2199 
Tel: 818-91 5-5707; Fax: 818-915-1379. 
For More Information Write In No. 309 
CONSTANT 
FORCE SPRINGS 
& REELS 
Colorful, 12-page brochure pro-
vides details on a line of Stock 
and custom-designed spring-
powered devices for the OEM 
design engineer. Includes power 
springs , NEG'ATOR® con-
stant force extension springs, constant force spring 
motors, prestressed spiral springs, stock spring-powered 
reels, motor assemblies, RW® laminar springs. Contains 
rypical appl ications and selection guide. AMETEK, 
H umer Spring Products, Sellersville, PA; Tel: 215-257-
6531; F",,: 215-257-3058. 
AMETEK, 
Hunter Spring Products 
For More Information Write In No. 312 
ELECTRO-
MAGNETIC 
DESIGN 
SOFTWARE 
The legendary VectOr Fields 
suite of software, including rhe 
TOSCA, ELEKTRA and 
OPERA packages, combines 
\F VECTOR FIELDS classical finite dement tech-
niques wirh user friendly inter-
active graphics for high accuracy 20 and 3D simulation 
and design of all rypes of e1ecrromagnetic equipment. 
Vector Fields Inc. 
1700 North Farnsworth Avenue 
Aurora, lL 60505 
Tel: 630-851-1734 Fax: 630-851 -2106 
For More Information Write In No. 315 
ALGOR 
PROVIDES "4-
WAY" INFO ON 
THE WORLD 
WIDE WEB 
Algors Internet place bas de[ailed information on fou r 
product lines. Discove[ Houdini, Algors automatic CAD 
solid modd to 8-node "brick" mesh converter. Learn about 
Algor FEA, including case histories. Preview engineering 
videos, books and multimedia. See all new integrated pip-
ingIvessellplan[ design software. If you do not bave Internet 
access , call for free info . Algor, Inc .; E-mail: 
info@algor.com; URL: http://www.algor.com; Tel: 412-
967-2700; Fax: 412-967-2781. 
Algor, Inc. 
For More Information Write In No. 318 
ASSOCIATED 
SPRING-
RAYMOND 
SPEC® CATALOG 
Associared Spring-Raymond's 
1997 SPEC® caralog features 
70 million product designs and 
sizes for aircraft and bicycles [0 compurers and machine 
maintenance. The company is rhe world's larges[ source 
for stock: compression. gas. ganer. torsion, extension, ure-
mane, and constant-force springs, and BelleviUe, finger, 
wave, and curved spring washers. Associ2ted Spring-
Raymond, Barnes Group, CustOmer Service, 1705 Indian 
Wood Cr., S[e. 210, Maumee, OH 43537; Td: 800-872-
7732; Fax: 419-891-9192. 
Associated Spring-Raymond 
For More Information Write In No. 310 
1997 PCMCIA 
PRODUCTS CATALOG 
The new PCMCIA-PC CARD stan-
dard has been incorporated into 
many new applications such as: Data-
logging, agriculture, digital film, and 
wireless communications . Envoy 
Data has JUSt released its new catalog 
for rhese new applications plus many 
other products like: memory, 110 (serial, parallel, SCSI, 
NO, etc.) cards; PC card drives for ISA, IDE, SCSI, etc.; 
along with industrial card and drives, multimedia, indus-
trial , and engineering [Ools for PCMCIA applications. 
Envoy Data Corporation, 6 E. Palo Verde, #3, Gilbert, 
AZ 85296; Tel: 602-892 0954; Fax: 602-892-0029; E-
mail: info@envoydata.com; hrtp:llwww.envoydata.com. 
Envoy Data Corporation 
For More Information Write In No. 313 
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TRACINO TEMPLATES 
S-:;-m-~ 
~® ~ 
~,,:.!...~ 
FREE DESIGN 
AID 
Save layout time and elimi-
nate de[ailing wi th this 16 
page Template catalog. This 
catalog shows FULL SIZE 
drawings of many tooling 
components used in design-
ing jigs and fixtu res. It 
includes Spring & Ball 
Plungers, NulS, BoilS, Washers, 
Knobs and many orher items, all wirh sizes and part num-
bers. Also included wiU be a copy of rhe current catalog 
listing these and additional items, along wi[b prices. 
Northwestern Tools, Inc. , 3130 Valleywood Drive, 
Dayton, OH 45429; Td: 937-298-9994; Fax: 937-298-
3715. 
Northwestern Tools, Inc. 
For More Information Write In No. 316 
NEW INTERAC-
TIVE CD-ROM 
BASED ON 
ENGINEERING 
"BEST-SELLER" 
A comprehensive FEA CD-ROM/textbook rhat blends 
theory & real-world engineering examples. Dr. 
Constantine Spyrakos, well-known finite element stress 
and vibration analysis expert, has created a reference for 
all engineers from designers [0 · gurus.· CD-ROM 
includes search capabilities, Internet-rype browser & 3D, 
full-color graphics. Hard- and soft-cover books include 
every example problem on disk. APD; Tel: 800-482-
5467; URL: hnp :llwww.algor.com/apd; E-mail : 
apd@algor.com. 
APD 
For More Information Write In No. 319 
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SERIAL DATA 
DIRECT INTO 
SOFTWARE 
The SofrwareWedge™ enables 
users to direct serial dara from any 
instrumCO[ or device directly into 
Exod, Quanro, VB, Statistical and 
industrial software-any Win-
dows, DOS, NT, or Win 95 
application. Data from process control and laboratory 
instruments, gages, sensors, PLCs, analyzers, bar code read-
ers, decrronic balan=, and [dephone sysrems--any serial 
device-can be collec[ed easily and accurately. TAL 
Technologies, Inc., 2027 Wallace S .. , Philadelphia, PA 
19130; Td: 215-763-7900 or 800-722-6004; F",,: 215-763-
9711 ; E-mail: tal1@ral[ech.com;hrrp:llwww.tal[ech.com. 
TAL Technologies, Inc. 
For More Information Write In No. 311 
DESIGN DATA 
FIBERGlASS 
EPOXY 
FIBERGLASS 
LAMINATED 
EPOXY 155 °C 
Design Data pamphlet fea-
tures materials, properties, 
and tolerances for glass 
epoxy components. It 
shows designers how [0 
specify from open Stock 
tools , for poning forms , 
bobbins, coil forms, Struc~ 
curals, and circuit board manufacturing aids. Stevens 
Products, Inc., 128 N. Park St., E. Orange, NJ 07019. 
Tel: 201-672-2140. 
Stevens Products, Inc. 
For More Information Write In No. 314 
HIGH POWER RF 
RESEARCH 
TOOLS 
Radar systems, track. search and 
GCA. RF sources 10 KHz to 35 
GHz at 1 w - 5 MW. Pulse 
mod ulatOts 1 kw -25 MW, 
Microwave components, 
T raclcing and Search pedestals, 
Parabolic dishes to 60' diameter, 
Microwave tubes, KlystrOns, Magnetrons, TWTs, etc. Much 
more available from stock, completely tested. Also, high 
power microwave [est facility to test microwave devices. Send 
fur free Catalog. Td: 203-753-5840; Fax: 203-754-2567, E-
mail: kbps32e@prodigy.coffi; Web Site: http://www.tech 
expo.comlwwwl radiotes. 
Radio Research Instrument Co., Inc. 
For More Information Write In No. 317 
NEW KIND OF 
MULTIMEDIA 
VIDEO 
TEACHESFEA 
LESSONS 
Finiu Ekmmt Anao/ris in Action! is a new kind of instruc-
tional video fur engineers. Available on VHS tape or inter-
active, multimedia CD-ROM, the video packs a lot of 
information intO a short running [ime of only 26 minutes. 
Live lab experiments and FEA analysis are conducted to 
show how to bener use any FEA software. Demonstrates 
specific modeling and analysis techniques. Tel: 1-800-
482-5467; URL: http://www.algor.com/apd.h[m; 
E-mail: apd@algor.com. 
APD 
For More Information Write In No. 320 
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r'lNtal'll;na Product Showcase 
The Series 70 is 2n 
I:nvironmf!ncally 
rugged line of lighted 
and unlighted switch-
es. Wee, dusty or oily 
dury. DPDT MOM 
or ALT switch 
actions. Mounts on 0.700" centers with 0.880" depth. 
Lighced pushburrons use T-I MFB lamps. Variety of dis-
play types, colors, and sryles. SracoSwitch, 1139 Baker 
St., CoSta Mesa, CA 92627; Tel: 714-549-3041; Fax: 
714-549-0930. 
StacoSwitch 
For More Information Write In No. 321 
NEW TEST & 
MEASUREMENT 
CATALOG 
Keithley's 1997 catalog fe.-
lUres 300 pages of electronic 
rest and measurement instru-
mentarion, including DMMs, 
decuometers. sources. volt~ 
meters, source-measure units, 
power supplies, switch sys-
cerns, and more. This reference guide includes examples 
co bdp design a test system, selector guides to compare 
specs, plus produce specifications. KeitbJey Instruments, 
Inc., 28775 Aurora Rd., Clevel2nd, OH 44139; Tel: 
800-552-1115; Fax: 216-248-6168; WWW: hup:/I 
www.keithley.com. 
Keithley Instruments, Inc. 
For More Information Write In No. 324 
LOW~OST 
p~OMPAnBLE 
DATA LOGGER 
Puts cighc thermo couple chan-
nels on monicor, printer, or disk 
ror $349 complete. Specifically 
ror laboracory and indwcrial 
temperature monicoring. 
Avoids compl<X5et-up or insta1-
lanon and is functioning within 
minutes. RS-232 inrerf.oce powers convener and eliminates 
sensor wires a[ computer. Quick-BasiC"MS source code and 
compiled program provided. l6-channd and linear sensor 
options. 7300 N. Crescent Blvd. Bldg. 5, Pennsauken, NJ 
08110; Tel: 609-662-7272; E-mail: www.thomasregiscer. 
com/do:. 
DCC Corporation 
For More Information Write In No. 327 
OFFICIAL NASA 
VECTOR CAPS 
Striking red, whit<:, and blue 
officilll NASA logo on qll2liry 
white poplin cap. Only U.S. 
$9.95 each! Siz.c..adjUStabIe. 
send (insert quanciry) NASA caps. 
Add shipping and hmdling clwges: 
$5.00 per order (U.S.) 
Total enclosed (U.S. $ only): 
Name 
Address 
Ciry _____________ _ 
StaIO ______ Zip _______ _ 
Mail payment lO: Associa[ed Business PubliC2tions, 
Dept. P, 317 Madison Ave., New York. NY 10017. For 
",dit CPTd .,dnrcaU (212) 490-3999. 
DEPS397 
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LIGHTED 
SWITCH 
CONTROLLER 
The Imerface Con-
troller, IFC, provides 
Raible, 10w<OSt digital 
I/O. Up [0 16 ioputs 
and 64 OUtpurs @ 250 milliamps and 50 voc. Serial 
oommu.nicl[ion to the bosr processor via RS-232 or RS-
-422/485 ports. Simple software driver .cr. Small size, 
easy direct mounr or DIN Rail mount. SraooSwitch, 
1139 Baker St., CoSta Mesa, CA 92627; Tel: 714-549-
3041; Fax: 714-549-0930. 
StacoSwitch 
For More Information Write In No. 322 
NEW DATA 
ACQUISITION 
CATALOG 
Keithley Merr.Byte offers a 
new sbonform cae. log of 
analog and digital 110 
boards, data acquisition soft-
ware, and PC instruments 
produces. This new c,,,log 
includes several applicarion 
examples and ,echoical sdec-
ror guides that make ir easy co compare specs. Keithley 
MerraByte, 28775 Aurora Rd., Cleveland, OH 44 139; 
Tel: 800-552-1115; Fax: 216-248-6168; WWW: 
htrp:llwww.keithley.com. 
Keithley MetraByte 
For More Information Write In No. 325 
COMPREHENSIVE 
CASE SELECTION 
FREE 32-page color cacalog fea-
cures largest off-the-shelf case selec-
rion for immediate delivery. 
Choose from modds for carrying. 
scoring, protecting, and shipping 
instrumencs. sensitive and expen~ 
sive equipment, laptOp and notebook computers, [ools, 
circuit boards, sales rep's samples, trade show displays, 
catalogs, and more. Includes descriptions, large color 
pbotos of case interiors and ",,[enors indicating m.in fea-
(ures plus size, weighr, interior option, and price compar-
ison duns. To request your free Case Ca[alog. conraet 
Specialiud ProductS Co., 3131 Premier Dr., Irving, TX 
75063: Tel: 800-866-5353; Fu: 800-234-8286. 
Specialized Products Co. 
For More Information Write In No. 328 
STRETCHING THE 
POSSIBILITIES IN 
CHEMICAL 
PROCESSING 
DuPonr Dow Elastomers, :t 
joint venture between the DuPonr Company and Dow 
Chemical, offers high-performance producu, including 
Viton® arnd Kalrez®, that mttC the sealing neuls of the 
chemical-processing industry. Ensure produce perfor-
mance by spedJYing genuine Viron for your sealing mate-
rials. Kalrcz parts have outstanding , .. isrance to over 
1600 chcmicals at [=peratuRS ro 316'C, malUng ir the 
best-selling maceri.aJ. DuPont Dow E1ascome" olfers ),ou 
a broad range of inn"""";ve soIucions ro suerch the passi-
bili,i .. in sealing ror the chemical processing industry. 
DuPont Dow Elastomers 
For More Information Write In No. 330 
WW\\ .na ... atech.com 
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PEM SELF-
CLINCHING 
FASTENER 
The PEM® Condensed Catalog 
promes Penn Engineering & 
Manufdcruring's complere line of 
sdf-clincbing fasrener$. The 
eight-page 'PEM Sdf-Clinching 
Fastener Guide" provides a gen-
cral overview of owailable f.amner lines, including rhe pares' 
designations. available materials, thread sius., and gen.eral 
description of usage. It also ofl'= a brief description of the 
PEMSERTER® line of inscaJJation presses. Tel: 800-237-
4736; Fax: 215-766-0143; WWW:http://www.pemnet.com. 
Penn Engineering & 
Manufacturing 
For More Information Write In No. 323 
PRECISION 
COMPONENTS 
CATALOG 
PIC Design's comprehensive 
CaraJog 43 is bigger and bet-
rer than ever - 288 pages 
including precision Gears, 
Modular Framing Elements, 
Linear Motion Systems & 
Positioning Tables, and expanded lines of Lead Screws & 
Nuts, Belts & Pulleys, Ball SUdes, Shoulder Screws, 
Bearings, Shafting. Couplings, and more, all in inch and 
meuic sizes. Ordering from the caralog is easy - major 
credir cards now accepted. PIC Design, PO Box 1004, 
Middlebury, cr 06762; Tel: 800-243-6125; Fax: 203-
758-8271; E-mail: info@pic-design.com. 
PIC Design 
For More Information Write In No. 326 
INFOLYTlCA: 
the e-m speclofJsts 
NEW GEMINI 
FOR WIDOWS 
Fast 20 magnecosratics 
simulation at 3 budget 
price from Infolyrica. 
Gemini for Windows 
incorporates neural net-
work-based solutions, 
LDCG solver., tbe Open 
Boundary Technique, and 
"tunable Maxwell seress' 
calculations. Call 800-
492-6464 for full detai ls 
and our promotion price. lnfolytica: the e-m specialises; 
Tel: 514-849-8752; Fax: 514-849-4239; Europe: 
+44.123582.3288; JapanlAdtech: 03-5276-5291. 
Infolytica 
For More lnfocmation Write In No. 329 
SPACE STATION T-SHIRT 
Colorful rendition of orbiting stacion superimposed dra-
matica1ly on back of black shin; image of Earth 00 &oor 
left side. 100% amoD. Adulr L or XL 
$12.95 Add $5.00 for handling and shipping charges 
MOl payment (0; NASA T e<:h BridS, Dept F 
317 Madison Ave, N ... yor!t. NY 10017 
For credj, cud on:kn call (212)490-3999 
@ Interface Software for 
AIRSAR Imagery 
The SearchAIRSAR computer pro-
gram enable user of the World Wide 
Web to interactively earch for, display, 
and order survey and frame image 
produced by the airborne synthetic-
aperture radar (AIRSAR) group at 
ABA's Jet Propulsion Laboratory. A 
user can search for images of a site via 
a number of fields , including the name 
of the ite, latitude and longitude, 
and/ or the date of the AIRSAR scan. 
The results of a search are returned 
immediately, and the user can view the 
survey and frame images found in the 
search. The user can order an image 
that was found by filling out a 
Hypertext Markup Language (HTML) 
form. Confirmation of the order is 
sent by electronic mail. Written entire-
ly in Applescript, SearchAIRSAR acts 
as a common gateway interface 
between WebSTAR 1.2.4 (a Macintosh 
Web-server program) and FileMaker 
Pro 2.1 v3 (a relational-database pro-
gram); both of these programs are 
commercially available. SearchAIRSAR 
has been implemented on a Power 
Macintosh 9500 computer with 80 MB 
of random-access memory and 4 GB of 
hard-disk memory, running Mac OS 
7.5. SearchAIRSAR can be seen work-
ing at http: //www-airsarJpl.nasa.gov 
under the "Search Image Database" 
link. 
This program was unitten by Alvin Wong 
of Caltech for NABA's Jet Propulsion 
Laboratory. For further information, write 
in 72 on the TSP Request Card. 
NPO-19930 
@ NASA/ MSFC Global 
Reference Atmospheric 
Model - 1995 Version 
The ASA/ Marshall pace Flight 
Center Global Reference Atmospheric 
Model (GRAM) was developed in 
response to the need for data on a 
design reference atmo phere that pro-
vides complete global geographical 
variability and complete altitude cover-
age (surface to orbital altitudes) a 
well as complete seasonal and monthly 
variability of the thermodynamic vari-
ables and wind components. A unique 
feature of the GRAM-95 computer pro-
gram is that, in addition to providing 
68 
data on the geographical, height, and 
month! variation of the mean atmo -
pheric tate, it provide the ability to 
simulate patial and temporal pertur-
bation in these atmo pheric parame-
ter (e.g., fluctuation due to turbu-
lence and other atmo pheric perturba-
tion phenomena). 
Like earlier ver ions of GRAM, 
GRAM-95 provides complete geo-
graphical and altitude coverage for 
each month of the year. Individual 
years 1985 to 1991 and a period of 
record (1980 to 1991) can be simulat-
ed for the Global Upper Air Climatic 
Atla (GUACA) height range (0 to 27 
km) . GRAM-95 u es a specifically 
developed set of data, based on Middle 
Atmosphere Program (MAP) data, for 
the height range from 20 to 120 km, 
and the ABA Mar hall Engineering 
Thermosphere (MET) model for 
heights above 90 km. Fairing tech-
niques assure a smooth transition in 
the overlap height ranges (20 to 27 km 
and 90 to 120 km). 
In addition to the traditional GRAM 
variables of pressure, density, tempera-
ture, and wind components, GRAM-95 
now includes water vapor and 11 other 
atmospheric constituents. A new, vari-
able-scale perturbation model pro-
vides both large-scale and small- cale 
deviations from mean values for the 
thermodynamic variables and horizon-
tal and vertical wind components. The 
perturbation model includes new fea-
tures that simulate intermittency 
("patchiness") in turbulence and 
small-scale perturbation field . The 
density perturbations and density gra-
dients (density shears) computed by 
the new model compare favorably in 
their statistical characteristic with 
observed density perturbations and 
den ity hears from 32 space huttle 
reentry profiles. GRAM-95 provides 
considerable improvement in wind 
estimates from the new GUACA data 
set, compared to winds calculated 
from the geostrophic wind relation 
previously used in the height range 
from 0 to 25 km . 
GRAM-95 is written in FORTRAN 77 
to be machine-independent. A FOR-
TRAN 77 compiler i required to build 
the executable code. GRAM-95 
requires the use of an attached com-
pact di k/ read-only memory (CD-
ROM) drive and the GUACA data base 
www.nasatech.com 
on CD-ROM for the 0-to-27-km atmo -
pheric level. A copy of G ACA can be 
purcha ed via the Climate ervice 
Divi ion at the ational Climatic Data 
Center [Room 468; 151 Patton 
Avenue; Ashe ille, C 2 801-5001 ; 
phone (704) 271-4800; fax (704) 271-
4876]. GRAM-95 also require approx-
imately 20MB of disk pace to prepare 
the code for execution and activate the 
resulting executable code. GRAM-95 
has been ucce fully implemented on 
an SGI Indig02 computer running 
IRlX 5.2, a un4- eries computer run-
ning Sun OS 4.1.3, and a un4-series 
computer running Solaris 2.3. GRAM-
95 has been ucce sfully compiled on a 
DEC ALPHA AXP computer 4000 run-
ning OSF / 1, a DEC MicroVAX 3600 
computer running VMS 5.5, and an 
IBM PC-compatible computer running 
MS-DOS 5.0. Sample input and output 
are included on the distribution medi-
um . The standard distribution medi-
um for GRAM-95 is a 0.25-in. stream-
ing-magnetic-tape cartridge (Sun QIC-
24) in UNIX tar format. Alternate 
distribution media and formats are 
available on request. The original 
GRAM code was developed in 1976, 
GRAM-90 was released in 1991, and 
GRAM-95 was released in 1995. 
This program was unitten by Dale L. 
Johnson of Marshall Space Flight Center 
and C. C. Justus, W R Jeffries III, and S. P. 
Yung of Computer Sciences Corp. For further 
inf(Jnnation, write in 1 on the TSP Request 
Card. 
MFS-31J05 
Implementing Thermal 
Models via Spreadsheet 
Software 
Mathematical models implemented 
in commercial spreadsheet software 
simulate the transient and teady-state 
thermal conditions that occur during 
the use of cryogenic liquids to cool sci-
entific instruments housed in large 
Dewar flasks. These are nonlinear, self-
con istent models based on the cus-
tomary practice of modeling the ther-
mal properties and behavior of an 
apparatus by analogy to an electrical 
network, wherein (a) electrical poten-
tial represent temperatures, (b) elec-
trical resistances represent tempera-
ture-dependent radiative and conduc-
tive thermal resistances, and (c) elec-
NASA Tech Briefs, March 1997 
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CCWhen it comes to choosing the program 
that will best meet the needs of the bulk of 
scilmti(ic and engineering users; it isn't close: 
it's SigmaPlot by a mile." 
Dr. Barry Simon, Ph.D. 
Review of eleven competitive products 
De5ktop Engitleering Magazine, 
September 1996 
You've spent months gathering and analyzing data. 
Now you need to show off your work-clearly and precisely. 
Sure, you can use a spreadsheet or a data analysis program 
to make a graph. Many scientists have tried this route. 
Then they saw that they could not create the exact graph 
that best represented their data. Scientists like you 
designed the solution: SigmaPlot. 
DESIGNED WITH THE FLEXIBIUTY YOU NEED THE PROOF IS IN THE PLOnlNG 
-
Customize every detail to create the exact SigmaPlot 
graph you want. Just a few mouse clicks is all it takes to 
see one of over 100 curve fits added to your graph using 
the new SigmaPlot 4.0 Regression Wizard. Choose the 
error bar direction for every data point. Layout multiple 
graphs on a page to see the trends in your data. All this 
and more with amazing ease. 
Over 100,000 of your colleagues have already seen how 
SigmaPlot can help them create compelling graphs-like 
-'" 
.~ .... 
the ones shown here. Researchers, Technicians, Professors, 
and Engineers have all come to rely on SigmaPlot when 
they need exact graphs for exact science. 
Call SciTech at 1-800-841-0057 
U
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r 
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U 
SPSS Worldwide Headquarters: 444 N. Michigan Ave. Chicago, ll- 60611 A0057P 
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trical capacitance repre ent heal 
capacitie (thermal mas e ). imula-
tion i conduct d b running the oft-
ware with the applicable model itera-
tively untillhe de ired number of tep 
in imulated time (in a tran ient case) 
or convergence of ub equent itera-
tion to within acceptably clo e value 
(in a steady- tate case) i achieved. The 
matrix-inverting capability of the 
spread heet oftware i u ed to olve 
the network equation at each itera-
tion. These thermal model in pread-
but unlike many of the large, com-
mercial thermal-model program, can 
be run on de hop computer. The 
pread heet implementation al 0 co ts 
Ie . Thus far, the model have been 
implemented in Excel pread heet 
oftware on a Macinto h Duo comput-
er with 12MB of random-acce mem-
ory, a 120MB hard di k, and a color 
monitor. 
This work was done by Alfred E. ash III 
of Caltech for NASA's J et Propulsion Lab-
oratory. For further information, write in 
12 on the TSP Request Card. heet oftware can accommodate 
adju tment of model parameter, NPO-19760 
70 
TH 
A smaller, 
lighter, 
and more 
powerful 
capacitor. 
EVANS 
The Evans Capacitor Company 
P. O. Box 141 58 
East Providence, RI 02914-0158 
(401) 434-5600 Fax (401) 434-6908 
www.evanscap.com 
The new Evans 
Hybricf® is an 
electrolytic-
electrochemical 
3-125v 
20-1009 
capacitor with incredible properties: 
• As little as 1/10 the volume of 
aluminum electrolytics 
• 1/2 the weight of aluminum 
electrolytics 
In two design styles, a hermetic tan-
talum package and a polypropylene 
package, Evans Hybrids are excellent for 
avionics, power supplies, power filtering, 
communications, weapons systems, 
medical applications, auto auxiliary 
systems and many very special uses. 
Hybrids are designed and manufactured 
by the Evans Capacitor Company, 
known for the Capattery®, the world's 
leading electrochemical capacitor. 
For More Information Write In No. 413 
€J Software for Estimating 
Costs of Developing 
Other Software 
The 0 TMODELER computer 
program provide a oftware frame-
work for timating the co ts of devel-
oping and maintaining other comput-
er program . Mathematical models for 
u e in e timating co ts are defined to 
the program via data file in tead of 
being directly implemented in the pro-
gram. everal model are provided 
with the program. The e model can 
be u ed in the form in which the are 
provided or cu tomized to better rep-
re ent a particular oftware-develop-
ment environment and the character-
i tic of particular oftware products. 
o program ming is required to imple-
ment new theoretical models for te t-
ing and verification. 
The ize of the proposed oftware 
p roduct can be described either in 
term of the number of lines of code 
or function points. The number of 
line of code can be estimated d irectly 
or specified as a range of probability. 
The functio n-point model i sufficient-
ly ge neral ized that it can be adapted to 
accommodate a feature-point model. 
Any number of "cost drivers" may be 
defined. Co t driver are those charac-
teri tics of a software-deve lopment 
team or software prod uct that may 
affect the co ts of development. A 
probabili tic range for the effects of 
the e co t drivers can also be defined. 
The u e of co t d river facili tate 
"what-if" analysis to evaluate the p re-
dicted effects of a variety of manage-
ment decisions. 
A proj ect can be decomposed to any 
level of detai l in an inverted tree truc-
ture . Different cost drivers can be 
applied at any node in the tree struc-
ture. All attribute are fully inherited 
from one level of the tree to the next 
to minimize input requirements. 
ote can be attached to any node to 
provide documentation for complex 
project decompositions. The tree 
tructure can be fu lly edited at any 
time, with moving, copying, addition, 
or deletion of branches. 
The project-development life cycle is 
completely user-definable. Life-cycle 
phase can be redefined and new phase 
can be added. Projects can be developed 
as ets of incremental deliverie. 
Graphical displa clearly how the rela-
tion hip between life-cycle phase and 
increments and the cumulative total 
number of workers required. Each of 
the increments can utilize separate life-
cycle phase definitions. Both schedule 
and per onnel constraints can be 
NASA Tech BriefS, March 1997 
THE FACTS SPEAK FOR 
THEMSELVES/ BUT 
SOMETIMES THEY DO 
NEED INTERPRETING. 
What exactly is your data try- new ways to explore and 
ing to tell you? Well, the best analyze your data, and 
way to find out is with Axum® 
5.0, the world's premier tech-
nical graphing and data analysis 
software. And now, Axum 
s.O's powerful new additions 
let you delve deeper. Wrth 
present your findings. 
• 
• ~. 
• 
• • 
• 
?ft 
... : 
". .'" 
• • 
From over 80 publi-
cauon-qualrty 20 and 3D 
graphs to exclUSive 
Multipanel Plots™ that 
reveal data pattems you 
can't find with traditional 
methods, new Axum 5.0 
offers you greater insight 
And lets you to con-
vert your graphs into 
Axum's exclusive Multipanel Plots™ display subsamples of data across 
multiple panels, revealing the effects of conditioning variables. 
PowerPoint presentations 
instantly, so you can better 
communicate thiS Insight 
New Axum 5.0 also gives 
you complete and unprece-
dented control over every 
detail. Customize toolbars 
and menus and set up muttiple 
toolbars, depending on your 
needs. Axum automates 
repetrtlve tasks and records 
~ " .. ;~ 
.. ~ ~:,~ 
.~~ 
..... 
New: create a PowerPomt 
presentatIon qUIckly and easIly. 
.. a- .. ____ ... See for yourself. For 
~ .. ~~ __ a.~~~~~ more information, or to 
order new Axum 5.0, 
visit our website at 
http://www.mathsoftcom 
or call 1·800·628-4223. 
Information on educa-
tional distributors and 
'-----------=--"""'-..... site licensing is also 
Mathcad users can access the full 
power ofAxum 5.0 without leaVing available. 
the Mathcad environment Get graphing soft-
your operations as script that 
you can save, edit and execute. 
All this saves you time and 
money. and gives you the com-
petitive edge you need. Plus it's 
rom the makers of Mathcad·, 
the leading software for tech-
nical professionals. 
ware that helps you visualize 
your data, and tells you what 
your data is really saying. 
Axum 
MathSoft 
For More Information Write In No. 677 X45A8 
applied. Comparative plots visually dis-
play the co t penalties resulting from a 
constraint of either type. 
The members of the development 
team can be grouped into any number 
of classifications. These clas ifications 
can be assigned hourly compen ation 
rates, and the percentage of the total 
effort to be performed by each classifi-
cation for each development phase can 
be defined. These personnel classifica-
tion and life-cycle relationships can be 
related to the organization's per on-
nel-co t-accounting sy terns 0 that 
actual expenditures can be compared 
to the estimates at any point during the 
HITACHI 
development proces . Thi compara-
tive analy i capability is built into 
COSTMODELER, with a complete set 
of reports Lo assist in the identification 
of problem in real time. 
A variety of output reports are pro-
vided. Each report can be configured 
by the user to include as much or as lit-
tle detail as required. Several output 
graph fonnats are included. 
COSTMODELER is written for IBM 
PC-compatible computers with a mini-
mum of an 80386 processor. An exe-
cutable code is provided on the distri-
bution diskettes. COSTMODELER was 
Hitachi Denshi, Ltd. 
Hitachi Denshi America, Ltd. 
• Atlanta 770-242-3636 • Dallas 817-488-4528 • New York 516-921-7200 
• Chicago 630-250-8050 • Los Angeles 310·328-6 116 • Canada 416-299-5900 
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Pascal with Objects version 7.0. 2MB of 
random-access memory are required 
for execution. The standard distribu-
tion medium for COSTMODELER i a 
set of two 3.5-in. (8.89-cm) , 1.44MB, 
MS-DOS-format diskette. The con-
tents of the di kettes are compressed 
by use of the PKWARE archiving soft-
ware tools. The utility oftware to unar-
chive the file , PKU ZIP.EXE, is 
included. An electronic copy of the 
documentation in MS-Word for Win-
dows 6.0 format is included on tlle di -
tribution medium. COSTMODELER 
was released to COSMIC in 1995. 
This program was written by George B. 
Roush oJJohnson Space Center. For Jur-
ther inJonnation, write in 40 on the TSP 
Request Card. 
MSC-22543 
fj Software for Central 
Purchasing- in a Large 
Organization 
The Just-in-Time Material Acquisition 
System oftware implements most of the 
routine functions of a central purchas-
ing sy tem at NASA's Jet Propulsion 
Laboratory. This software automates the 
heretofore labor-intensive processes 
involved in selection, procurement, 
receiving, internal delivery, internal 
accounting, and payment involved in 
the acqui ition of small items. The sys-
tem is based on client-server architec-
ture, with the system data base running 
on a Unix-based Sun SPARCServer com-
puter and users accessing the system via 
graphical-interface software running on 
their personal computers. Authorized 
users order items from online catalogs 
of vendors with prearranged contracts, 
maintained by the procurement office. 
The system verifies a user's identity and 
purcha ing authority, and electronically 
transmits the user's order to the vendor. 
Vendors package items and ship tllem 
with bar-coded labels, which are 
scanned into the system at the receiving 
dock, initiating me process of payment. 
The label on each package is further 
scanned at subsequent stages of internal 
delivery until final delivery to the 
addressee, thereby creating an audi-
table data trail corresponding to deliv-
ery events. To as ist management over-
sigh t, the ystem generates reports, 
which it sends to system operators, man-
ager , and users by electronic mail. 
This work was done by David Wemlz, 
Audrey Ridley, Steven Loyola, and Nilesh 
Patel oj Caltech Jor NASA's Jet Propulsion 
Laboratory. For Jur·tlm· inJormation, write 
in 10 on the TSP Request Card . 
NPO-19746 
NASA Tech Briefs, March 1997 
tj Cassini Management 
Information System 
The Cassini Management In-
formation System (CMIS) is a user-
friendly, inexpensive, schedule-control 
program for ffiM PC and Macintosh 
computers distributed across a local-
area network. CMIS was developed to 
help keep the Cassini Project (a space-
craft mission to Saturn) within a fixed 
budget while preventing schedule slips. 
CMIS implements a distributed-plan-
ning method, which differs from the 
centralized planning methods of typical 
large projects; it thereby eliminates the 
need for a central planning staff and 
gives managers direct control of their 
plans. All Cassini Project management 
levels - assembly, subsystem, system, 
and project - use CMIS to identify, 
monitor, and control the schedule and 
flow of products between elements of 
the project organization. ("Products" as 
used here includes designs, compo-
nents, parts, assemblies, and tests.) All 
managers identify their input and out-
put products. Each product is defined 
in terms of its name, a customer's iden-
tification number, a supplier's identifi-
cation number, a customer's required 
delivery date, and the supplier's avail-
able delivery date. Comparison of the 
CMIS data across the project yields 
planning and performance metries that 
help managers at all levels to resolve 
schedule issues and identify problems 
and discrepancies (e.g., a product for 
which delivery dates conflict, the suppli-
er is missing, or there is no customer.) 
CMIS has yielded useful results and 
gained acceptance on the Cassini pro-
ject and is expected to be applied to 
other ABA projects. CMIS can also be 
used in private industry to control costs 
and maintain schedules in projects that 
involve flows of products among the ele-
ments of organizations. 
This work was done by Michael Hughes, 
Glen Gira, and Reed Wilcox of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further infrmnation, writ~ in 6 on the TSP 
&quest Card. 
In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 
Larry Giihert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315 - 6 
Pasadena, CA 91125 
(818) 395-3288 
&fer to NPO-19618, volu'/7U! and number 
of this NASA Tech Briefs issue, and the 
page number. 
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Finish your data analysis 
faster, with less effort! 
Introducing 
SCiVi~T. 
The System 
• 
for Performance 
and Durability 
Data Analysis 
Tired of wasting time with complicated 
software programs that weren't written for analyzing 
engineering test data? Get EASE version 2, the data analysis software 
specifically created for test and design engineers. You'll finish your work 
faster, with less effort than ever before! 
Designed by mechanical engineers for mechanical, structural, and civil 
engineers, EASE version 2 has been significantly enhanced to work with large 
data files from many sources: DADiSp, MatLab, Optim Megadac, MTS-RPC, 
HP-SDF and many others. EASE version 2 also introduces new digital filtering, 
frequency analysis and fatigue estimate analysis capabilities. 
Use EASE version 2 to validate your time and frequency domain data, plot it, 
spot trends or patterns in your data, do data reduction, and draw valuable 
conclusions about the performance and durability of your product 
designs-all without learning complicated computer software or wading 
through pages and pages of documentation. EASE is fully integrated with 
Microsoft Office so you'll not only analyze and quickly evaluate product 
performance and reliability under different field conditions, but you'll also 
prepare technical reports in record time! 
EASE version 2-the data analysis system used by engineers around the 
world in automotive, off-highway, aerospace and defense industries. 
Call1-800-960-EASE to order a free, fully 
functioning demo copy of SoMat EASE! 
SDiVi~T 
SoMat Corporation 
Iilr more infonnation contact SoMat at 217-328-5359; fax: 217-328-{i576;email: info@somatcom. 
In Europe contact SoMat SystelTl5 (UK), Ltd., +44(0) 1582 30582, info-uk@somatcom. 
web: hnp://www.somat.com/ 
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o Improved Adaptive-Grid Computation of Hypersonic Flow 
The position of the outer gridline is maintained beyond the outer shock. 
Ames Research Center, Moffett Field, California 
Improvements have been made in a 
method of iterative adju tment of the 
three-dimensional grids that are used 
to solve numerically the parabolized 
Navier-Stokes equations of flow. The 
method was developed especially to 
compute hypersonic flows about bodies 
that have complicated shapes. Meth-
ods of this type, called solution-adap-
tive grid methods, involve the refine-
ment (or coarsening) of computa-
tional grids in regions of high (or low, 
respectively) gradients in computed 
flows. The purpose of such refinement 
or coarsening is to satisfy the compet-
ing requirements to (1) capture such 
feature as shock waves, the accurate 
resolution of which typically requires 
fine meshe , and (2) prevent unneces-
ary refinement of the mesh elsewhere, 
thereby preventing undue increases in 
amounts of computation. 
Previous versions of this solution 
adaptive-grid method were described 
in "Adaptive Grids for 3-D Para-
bolized avier-Stokes Computations" 
(ARC-13073) , NASA Tech Briefs, Vo1.16, 
No.ll (November 1992) , page 95, and 
"Adaptive Grid for Computations 
of Three-Dimensional Flow" (ARC-
12479) , NASA Tech Briefs, Vol. 15, 0.8 
(August 1991) , page 66. A special fea-
ture of thi method is a grid-fitti ng 
algorithm that aligns the outer bound-
ary of the grid with the flow fiel d 
computed on the preceding itera-
tion , in such a way that the resulting 
outer gridline Lies just beyond the 
computed outer shock: by so doing, the 
algorithm minimizes that part of the 
continued on page 78 
Fixed Grid Solution-Adapted Grid 
Afterbody: Elliptical Cross 
Forebody: Elliptical Cone Section With Sharp 
_=====::==W=i=th=S=h=arp~N~os=e====J== Trig Edge 
SIDE VIEW 
TOP VIEW 
SIDE AND TOP VIEWS OF BODY 
CROSSFLOW GRIDS IN CROSS-SECTIONAL PLANE AT 
BOUNDARY BETWEEN FOREBODY AND AFTERBODY 
. 
Fixed Grid Solution-Adapted Grid 
COMPUTED MACH-NUMBER CONTOURS 
Mach-Number Contours in a mach-7.4 flow about the body illustrated at the left, at an angle of incidence of 5 °, were computed by use of fixed and 
solution-adapted grids. 
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continued from page 74 
computational domain that Lie outside 
the region of intere t and maximize the 
den ity of the grid within the region of 
intere L 
explained in more detail in the 
noted previous article in 1 f1SA Tech 
Brief, the grid points are con idered to 
be conn cted b fictitious ten ion and 
torsion pring; the configu ration of 
the grid i e entia\ly the eq ui librium 
configuration of the interacting splings, 
and the pring stiffne es u ed to com-
pute the eq ui li brium configuration de-
pend partly on gradients of selected de-
pendent flow \'llliable and/ or on curva-
ture of U' aniline and flow urface. 
1M 
The olution i marched patiall down-
tream. At each marching tation, the 
po ition of the OlHer gridline is adjusted 
to bejust be 'ond the outer hock. AI 0 at 
each marching tation, the grid points 
are redi tIibuted line-b --line in both 
cro flow directions according to the 
updated ten ion and torsion quantitie 
in the fictitiou pIing, the ten ional 
force being proportional to error mea-
ure or weighting function. Weighting 
functions are elected by fir t normaliz-
ing gradients of dependent flow "ali-
able and/ or curvature of a number of 
dependent vaIiable ,tllen electing the 
large t of the e quanti tie at each poinL 
ULE ZERo ExPANSION GlASS 
Corning ULE is being used for applications ranging from 8 meter mirror blanks 
Thi olution-adaptive-grid method 
was te ted b}' applying it to hypersonic 
flO\\ about two bodie with implified 
hape that repre ent parts of genelic 
hypersonic airplane. imilar computa-
tion were perfonned on fixed glids. In 
both case, the olution adaptive-grid 
method ~elded better re olution of 
flow-fie ld tructure . In the case of one of 
the bodie (ee figure), pitot-tube p re 
ure computed by the olution-adaptive-
grid method were found to agree with 
expelimental value more clo el}' than 
did tho e computed on a fixed glid. 
This work was done by Scoll Lawrence of 
Ames Re earch Center and Albert Hanley 
III and umanla AchaT)'a of Louisiana tate 
UniversitJ For further information, write in 
83 on the TSP Request Card. ARC-13182 
for new telescopes ... to ultra-lightweight mirror 
blanks for space imaging ... to substrates for 
gratings, bars for measurement scales, structural 
components, and reference flats. The zero 
expansion characteristics of Corning ULE 
make it the choice for any application requiring 
o Foam-Reinforced 
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Spacecraft 
superior, proven dimensional stability and also offers the chemical resistance and 
optical clarity you can only expect from 
glass. For information, call or write for 
our new brochure. Corning Incorporated, 
Advanced Materials Business, HP -CB-08-6, 
Corning, New York 14831. 
Tel. 607-974-7440. Fax 607-974-7210. 
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'ASA:S Jet Propulsion Laboratory, 
Pasadena, California 
e of open-celled polymer foam i 
propo ed to trengthen an d stiffen in-
flatab le spacecraft tructure. T he in-
ner urface of the membrane of an in-
flatab le truc ture would be coated with 
open-ce\led polymer foam, which would 
effectively thicken the membrane wi th-
OUl cOl1lributing much addi tiona l 
weigh t to the overall structure. Because 
the foam would expand upon deploy-
ment from compact stowage and there-
by contIibute to inflation of the truc-
lure, less gas would be needed to inflate 
the tructure with foam reinforcement 
than would be needed to inflate the 
arne truCLUre without foam reinforce-
ment. Mter initial inflation, the truc-
ture would be cooled to below the glass-
transition temperature of the polymer, 
o that tlle foam lining would become 
rigid. Thus, tl1e membrane and foam 
lining would become a stiffer, stronger 
structural componen t. The foam would 
also impart improved thenna! proper-
tie and greater dimen ional stabili ty 
to the slructure. Tests of open-celled 
foam and of an experimental inflat-
able tructural unit lined with foam 
confirm the viability of the concept. 
This work was done by Paul B. Willis of 
Caltech for NASA's Jet Propulsion 
Laboratory. 0 further documentation is 
available. NPO-19913 
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o Portable Tripod Rig for 
Erecting Dish Antennas 
on Posts 
Heavy parts can be maneuvered 
into position from a stable base. 
Lewis Research Center, Cleveland, Ohio 
A portable tripod rig facilitates the erection of dish an-
tenna a semblies (reflector-support structures and reflector 
dishe ) on posts in location in which cranes are not avail-
able. The rig provides secure means for lifting a reflector-
upport tructure onto the top of a post, then lifting the 
reflector over the support structure and adjusting its posi-
tion relative to the support structure so that support bolts 
can be inserted easily. In the original application for which 
the rig was designed, the posts are about 2 m h igh, the 
antennas are designed for operation at frequencies from 20 
to 30 GHz, the reflector dishes are 2.4 m in diameter, and 
the antenna assemblies weigh 396 Ib (180 kg) apiece. The 
design of the rig can be readily modified to suit the weights 
and dimensions of other dish antenna assemblies. 
The main structural members of the rig are standard 2 x 
4 in . (5 x 10 cm) and 4 x 4 in. (10 x 10 cm) [actual dimen-
sions somewhat smaller] wooden beams with steel-tubing 
couplings at their ends and other attachment points. The 
structural members are joined at attachment points by use 
of pins with cotter keys. The lifting mechanism of the rig 
includes a winch, a cable, pulleys, and a lifting-hook assem-
bly that includes a split-sheath pulley. 
Antenna Post 
Top • 
Pulley 
Cable Layout 
Post Chain Hook Split-Sheath PUlley~ 
Wheel 
I 
INITIAL CONFIGURATION (IMMEDIATELY AFTER ASSEMBLy) 
--
RIG RAISED PART WAY TOWARD OPERATING CONFIGURATION 
Figure 1. The Rig Is Used To Raise Itself into the working configuration. 
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o Torque-Limiting Driver Based on Displaceable Bevel Gear 
The use of multiple intermediate gears would contribute to reliability and long life. 
Lyndon B. Johnson Space Center, Houston, Texas 
A proposed improved torque-limiting 
driver would act imilarly to a number of 
other devices in that it would limit an 
applied torque to a preset value. Thus, a 
combination of this driver with an ordi-
nary wrench would act as a convention-
al torque wrench. As in another pro-
po ed torque-limiting driver of the ame 
type, the torque would be limited in this 
driver by the slippage of gears that 
would be spring-loaded against each 
other. Both proposed drivers are related 
to the driver described in "Tool for 
Driving Many Fasteners Simultaneously" 
(MSC-22386), NASA Tech Briefs, Vol. 19, 
No.7 (July, 1995), page 24. 
The other proposed driver of the 
same type (see Figure 1) would contain 
a single driving gear and a single driven 
gear, so that during a significant frac-
tion of the time, a single tooth on each 
gear would bear the entire torque load. 
In the improved driver, the transmis-
sion of torque and the slippage would 
occur at multiple simultaneously mesh-
ing gears, so that no single gear tooth 
would have to bear the entire load. The 
reduction of the loads on individual 
gear teeth would reduce wear and 
reduce the probability of breakage of 
gear teeth, thus increasing the reliabili-
ty and prolonging the useful life of the 
driver. 
In the other driver, the input and 
output torque-drive axes would be off-
set from each other. As a consequence, 
the inadvertent application of an axial 
force during use would result in the 
application of a spurious and possibly 
damaging bending moment to the driv-
en nut, bolt, or shaft. The improved 
driver would have an in-line drive con-
figuration, which would eliminate this 
spurious bending moment. 
In the improved torque-limiting driv-
er, the spring loading and slippage of 
gears would occur in the axial direc-
tion, and all loads would be distributed 
symmetrically about the single drive 
axis (see Figure 2). The input torque 
would be applied by a wrench to the 
upper torque coupling, then transmit-
ted through the torque-input shaft to 
the axially displaceable bevel gear, 
which would be axially spring-loaded 
against several intermediate bevel 
gears. Provided that the applied torque 
was less than the preset limiting 
torque, the intermediate bevel gears 
would transmit the torque to the out-
put bevel gear. 
2b 
Becau e of the inclinations of the 
gear teeth, the driving forces between 
engaged teeth would include circum-
ferential, radial, and axial components. 
The circumferential force would pro-
duce the output torque, but in other 
situations, the radial and axial force 
are often considered wasteful byprod-
ucts. In this case, however, the axial 
Torque-Input Shaft 
Driving Gear--;.o,-·-'II 
force would be used to control the out-
put torque. When the transmitted 
torque reached the preset limit, the 
axial force at the engaged teeth of th.e 
displaceable bevel gear and the inter-
mediate bevel gears would equal the 
axial load applied by the torque-control 
spring. An attempt to apply a greater 
torque would cause the axially displace-
Displaceable Driven Gear 
Late rail Displaceable Gear Support 
Load-Adjusting 
Shims 
Coupling 
Figure 1. This Torque-Limiting Driver, a predecessor to the present improved driver, would have a 
displaced-axis configuration that could give rise to a spurious bending moment. 
_J:i=!~=-------Wrench or Power Driver Engages Here 
__ -----Input Attachment 
~~ ___ ---Axial·Load-Limiting Spring 
~~ ______ Splines 
~~------Bearing 
Torque-Input Shaft 
Micrometer-Type Adjustment Knob 
Torque-Control Spring 
Adjustment-Knob Lock 
Rne Threads 
Backing and Guide for Displaceable Bevel Gear 
Axially Displaceable Bevel Gear 
Housing 
Intermediate Bevel Gear 
Output Bevel Gear 
..... -------Torque-Output Shaft 
Figure 2. The Improved Torque-Limiting Driver would have an inline drive configuration. 
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able bevel gear to move away from the 
intermediate bevel gear. Continued 
turning in an attempt to appl a greater 
torque would cause the gear to di en-
gage, lip, and re-engage repeatedl . 
The axial force that pu hed the gear 
apart again t the torque-control- pring 
load would be proportional to the 
applied torque. The factor of propor-
tionality would be a function of the geo-
metrical relation hip between the axi-
ally displaceable gear and the interme-
diate bevel gears. The torque-control 
pring and its adjustment would be 
de igned according to this factor of pro-
portio nali ty. The pring preload load 
and thus the pre et limiting torque 
would be adjusted b turning a microm-
eter-type adjustment knob to one in a 
et of calibrated torque- etting marks on 
the side of the housing. 
The input attachment would contain 
a spring-loaded, plined coupling 
between itself and the torque-input 
haft. The axial-load-limiting pring 
would be used to limit the amount by 
which the output torque could increase 
when the technician applied an axial 
load to the input attachment. When the 
applied axial load exceeded the preload 
on till pring, the pring would become 
compre ed and the pline would di -
engage, 0 that no input torque would 
be tran mitted. 
This wark was done by Joseph . Cook, Jr. , 
of Johnson Space Center. For further-infor-
mation, write in 44 on the TSP Request Card.. 
This invention is owned by ~A, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be 
addressed to the Patent Counse~ Johnson 
Space Center; (713) 483-4871. Refer to 
MSC-22384. 
o Pneumatically Loaded Torque-Limiting Driver 
The limiting torque would be a function of air pressure. 
Lyndon B. Johnson Space Center, Houston, Texas 
The figure illustrates a 
propo ed pneumatically 
loaded torque-limiting driv-
er related to the mecha-
nism de cribed in "Tool for 
Driving Many Fasteners 
Simultaneously" (MSC-
Displaceable Driven Gear 
22386), NASA Tech Briefs, 
Vol. 19, o. 7 Guly, 1995), 
page 24. It is also related to 
the mechanisms described 
in the preceding article, 
"Torque-Limiting Driver 
Based on Displaceable 
Bevel Gear" (MSC-22384). 
With the exception of 
the components used to set 
the limiting torque, the 
present mechanism would 
be nearly identical to the 
mechanism illustrated in 
Figure 1 of the preceding 
article. The driven gear 
Torque-Input Shaft 
Driving Gear--f<~l1l 
Displaceable Gear Support 
Regulated 
Compressed 
Air In 
Cylinder 
e Coupling 
----Torque-Output Shaft 
and Attachment 
would be connected to the 
output shaft via a flexible 
coupling and would be 
mounted in a gear support 
Compressed Air at Regulated Pressure would be applied to the piston to push the gears together with a constant 
preload. The limiting torque would be the torque strong enough to force the gears to slip out of engagement at 
that preload. 
that was capable of sliding radially (lat-
erally). As in other torque-limiting 
mechanisms based on the same princi-
ple, the gears would be pushed togeth-
er with a preload that would define the 
limiting torque. This load would coun-
teract the lateral repulsion between 
the gears. The lateral repulsion would 
be proportional to the applied torque, 
the factor of proportionality being a 
function of the gear-tooth geometry. 
As long a the applied torque 
remained less than the preset limiting 
torque, the gears would remain in mesh 
and would thus transmit the torque 
4b 
from the input shaft to the output shaft. 
At the pre et limiting torque, the later-
al repulsion would equal the preload. 
Any attempt to apply a greater torque 
would cause the repulsion to exceed 
the preload, and the gears would be 
pushed apart. Continued turning in an 
attempt to apply a greater torque would 
cause the gears to disengage, slip, and 
re-engage repeatedly. 
In the mechanism shown in Figure 1 
of the preceding article, the preload 
would be applied by a spring. 
Unfortunately, deflection of the spring 
between the point of initial yielding and 
www.nasatech.com 
the point of slippage would result in an 
increase in preload and a concomitant 
increase in the limiting torque. The 
re ulting torque range would constitute 
a band of uncertainty in the output 
torque. In addition, fatigue in the 
spring could decrease the stiffness of 
the spring, thu reducing the preload 
and adding another element of uncer-
tainty to the torque setting. 
In the mechanism proposed here, 
the preload would be applied to the lat-
erally displaceable gear support by a pis-
ton sliding in a cylinder. Compressed 
air at regulated pressure would be sup-
March 1997 
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plied to the cylinder. The preload would 
equal the pre sure x the cro - ectional 
area of the pi ton. The preload would 
thus remain constant as long as the reg-
ulated pre ure remained con tant, 
re ulting in more preci e control of 
torque. 
This wurk was done byJoseph . Cook,Jr., 
oj Johnson Space Center. FOT further 
inJonnation, write in 45 on the TSP Request 
Card. 
This invention is owned by j1SA, and a 
patent application has been filed. Inquilies 
concerning nonexclusive or exclusive license 
JOT its commercial development should be 
addressed to the Patent Counsel, Johnson 
Space Center; (713) 4834871. ReJer to 
M C-22385. 
~Simpler 
Power-Conserving 
Stepping-Motor 
Drive Circuit 
Marshall Space Flight Center, 
Alabama 
A tepping-motor drive circuit fea-
tures a design that is a slightly impli-
fied ver ion of a de ign reported in 
"Power-Conserving Stepping-Motor 
Drive Circuits" (MFS-28854) , NASA 
Tech Briefs, Vol. 18, No.7 (July 1994) , 
page 30. The previous ver ion provided 
for the generation of drive currents 
with amplitudes proportional to 
D+ IC in 81, 
where e is the difference between the 
actual and commanded shaft angles at 
a given instant, D is a positive term set 
by a dc bias input, and C is a product of 
amplifier gains and cUlTent-drive para-
meters. The underlying idea i to use as 
little drive current as possible when the 
motor operates under a light load (for 
which 181 is small) and to increase the 
drive current only to satisfy the need 
for increasing torque as the load (and 
thu 181) increases. In the previous ver-
sion, D was adjusted so that at mini-
mum amplitude (at e = 0), the drive 
current would provide enough torque 
to overcome bearing friction and other 
10 es. In the present version, the dc 
bias input is eliminated and, instead, C 
is increased to ensure sufficient torque 
for all 181 above an acceptably small 
dead-band value. All appreciable ftlter-
ing has been removed to produce a sys-
tem that responds much faster. It is also 
important to note that tl1e angle-com-
mand ignal for circuits of thi type are 
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sine and cosine signals, which can be 
generated with high angular resolution 
from clock signals. 
This work was dQne by Frank J. Nola and 
David E. Howard of Marshall Space 
Flight Center. For further infonnati(m, 
write in 31 on the TSP Request Card. 
Inquiries concerning rights for the com-
~ Three-Dimensional Capaciflectors 
mercial use of this invention should be 
addressed to the Patent Counsel, Marshall 
Space Flight Center; (205) 544-0021. Refer 
to MFS-31158 
Electrodes can be arranged to fit surfaces and/or define sensory regions. 
Goddard Space Flight Center, Greenbelt, Maryland 
An extension of the capaciflector 
concept provides for capaciflector elec-
trodes in a variety of three-dimensional 
configurations (see Figure 1). Here-
tofore, only two-dimensional configura-
tions have been reported. 
Sensing Electrode 
,~~;/i] Shielding 
~ Electrode 
I 
Conductive Surface 
Layer (Electrical Ground) 
Figure 1. Capaciflector Electrodes can be con-
figured in three dimensions for a variety of 
purposes. In this example, they are shaped in 
three dimensions to conform to an irregular 
rounded surface. 
The capaciflector concept has been 
discussed in numerous previous articles 
in NASA Tech Briefs. To recapitulate: 
Like other capacitive proximity sensors, 
a capaciflector puts out a signal indica-
tive of the capacitance between a sens-
ing electrode and an object in the vicin-
ity. A capaciflector as reported previ-
ously includes at least one planar sens-
ing electrode laid out over at least one 
larger planar shielding electrode 
(reflector). By use of current-measur-
ing voltage followers, the sensing and 
shielding electrodes are driven byalter-
nating voltages of equal magnitude, fre-
quency, and phase. The driven shield 
increases the range and paria! resolu-
tion of capacitive sensing by concen-
trating the sensing electric field into a 
narrower region according to estab-
lished principles of electrostatics. The 
current in the sensing electrode is mea-
sured as an indication of the sensed 
capacitance. Optionally, the current in 
the shielding electrode is also mea-
sured as a less precise indication of 
sen ed capacitance. 
The present three-dimensional 
capaci£1ectors operate according to the 
same basic principles as those of the 
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capaciflectors reported previously, 
except that the third dimension for 
configuring electrodes provides an 
additional degree of freedom for 
design. One can configure the elec-
trode to define sensory regions 
and/ or make the capaciflectors con-
form to the surfaces of robot arms, 
tools, or other objects for which prox-
imity sen ing rna be needed in pecific 
application . 
For example, Figure 2 shows two of the 
many po ible round cylindrical ide-
looking capaciflector arrangements. In 
the first example, a c lindrical en ing 
electrode is andwiched axially between 
a cylindrical base shielding electrode and 
a rounded cap hielding electrode; this 
concentrate the ensing electric field 
into a roughly toroidal region around 
the sensing electrode. The econd exam-
ple i a cylindrical version of the planar 
capaciflector array described in 
"Capaciflector Camera" (GSC-13564), 
NASA Tech Briefs, Vol. 18, No. 10 
(October 1994), page 58. As in the case 
of the planar capaciflector array, one can 
process the capacitance readings from 
the row and column electrode (in this 
case, the circumferential and axial elec-
trodes) into a three-dimensional capaci-
tance image of an object within sensory 
range of the array. Of course, the capaci-
tance-data-processing algorithm must be 
modified in accordance with the change 
of the capaciflector array geometry from 
planar to cylindrical. 
Shielding Ele(;tro(jes,~ 
Sensing Electrode 
ApprOXimate 
Sensory Region 
SIMPLE SIDE-LOOKING CAPACIFLECTOR 
CYLINDRICAL VERSION OF CAPACIFLECTOR CAMERA 
For another example, a screw, pin , 
tool, or other three-dimensional object 
could be used as a sensing electrode. 
Figure 2. These Side-Looking Capaciflectors are examples of two out of an almost unlimited num-
ber of three-dimensional capaci flector configurations. 
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The object used as the sensing electrode 
would have to be electrically isolated 
from ground with the help of a relative-
ly large driven shielding electrode in 
the same manner as in other capaciflec-
tor arrangements. The driven shielding 
electrode could also be a three-dimen-
sional object. 
This work was dane by John M. Vranish of 
Goddard Space Flight Center. For fur-
ther infor1llation, write in 18 on the TSP 
Request Card. 
This invention is owned by NASA, and a 
patent application has been filed. Inquims 
concerning nonexclusive or exclusive license 
for its commercial developmen,t should be 
addressed to the Patent Counse~ Goddard 
space Flight Center; (301) 286-7351. Refer 
to GSC-13701 
~ Fixtures Help 
Align Mating 
Modules 
Rugged, lightweight :fIxtures 
are suitable for robotic 
assembly operations. 
Lyndon B. Johnson Space Center, 
Houston, Texas 
Relatively simple, rugged, compact, 
ligh tweight fixtures facilitate the align-
men t of two modules of equipment 
tha t are to be fastened to each other. 
The fixtures ensure alignment along 
all three spatial axes, in three stages of 
successively increasing precision as 
the two modules are pushed together, 
and little visual or tacti le feedback is 
needed ; consequently, the fixtures are 
su itable for use where modules are to 
be put together by robots or by work-
er in heavy protective clothing. 
Typically, three sets of the fixtures 
are needed to ensure complete align-
mem ( ee Figure 1, next page). Each 
set of fixture includes parts that are 
mounted on the two modules and that 
mate wi tll each other (see Figure 2, 
next page). Following in itial coarse 
alignment, and as the two modules are 
pushed togetller, pins on module 1 
make contact with shoehorn flange on 
module 2: this is the first stage of align-
ment. As the two mod ules are pushed 
together further, the shoehorn flanges 
funnel the ends of the pins toward nar-
row openings, which are just wide 
enough to accommodate the pins. 
As the modules continue to 
approach each other, the pins en ter 
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Unear & Rotary Motor Series 
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• 4th terminal EMI shielding connection to LWH and LWI housing 
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Set of 
Mating Fixtures 
Figure 1. Three Sets of Fixtures guide the two modules into precise alignment as they are pushed 
together. 
of Fastener 
SIDE VIEW 
Shoehorn 
Flange Part of Module 2 
FRONT VIEW 
Pin (Cylindrical, With Spherical Tip) 
Figure 2. Each Set of Fixtures contains mating parts that provide three stages of successively more 
precise alignment. 
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the openings in the shoehorn flanges 
a~d thus becomer~traine~a~nstsig- fiUser-Friendly Graphical Aids for 
nificant lateral motions: thiS IS the sec-
ond stage of alignment. Finally, the two 
module are pushed into firm contact 
as the pins on module I come to hard 
stop in mating V-grooves on module 2. 
This is the third and final stage of align-
ment, in which all clearance is elimi-
nated and the two modules can no 
longer move relatively to each other. 
Each fixture on module 1 includes a 
spring-loaded, captive, threaded fas-
tener that fits in a threaded hole in the 
V-groove block of the mating fixture 
on module 2. The pring-loaded fas-
teners are kept retracted during the 
alignment procedure to prevent 
mechanical interference. Then, while 
the modules are still being pushed 
together to maintain alignment, the 
spring-loaded fasteners are activated 
and threaded into engagement with 
the V-groove blocks. Then the robot or 
worker can release the modules, which 
remain fastened together. 
A fin on top of each pin on module 1 
prevents the pin from slipping under 
the opening in the mating shoehorn 
flange on module 2. This feature helps 
to maintain the alignment of each pin-
and-shoehorn pair that has already been 
mated while one or both of the others 
have not yet been mated. This feature 
also facilitates unfastening of the two 
modules by ensuring that pins do not 
become jammed under the openings in 
the mating shoehorn flanges. 
The fixtures can be fabricated fairly 
easily and inexpensively. The spring-
loaded, captive, threaded fastener is a 
commercial product. The shoehorn 
flange can be formed from sheet metal. 
The pins and the V-groove blocks can 
be made to the neces ary precision by 
standard machining techniques. 
This work was done by Dennis R Preston 
of Hughes Danbury Optical Systems, Inc., 
for Johnson Space Center. For further 
information, write in 50 on the TSP 
Request Card. 
Title to this invention has been waived 
under the provisions of the National Aen-r 
nautics and Space Act (42 U.S.C. 
2457(j)}, to Hughes Danbury Optical 
Systems, Inc. Inquiries concerning Ucenses 
for its commercial deuewpment should be 
addressed to: 
Mr. Robert A. Hays 
Hughes Danbury Optical Systems, Inc. 
100 Wooster Heights Rd. 
Danbury, CT 06810-7589 
(203) 797-6045 
Refer to MSC-22130, voLuTTU! and num-
ber of lhis ASA Tech Briefs issue, and 
the page number. 
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Telerobot Control 
Embodied in an integrated software package, graphical tools 
make control safer and more flexible. 
NASA:S Jet Propulsion Laboratory, Pasadena, California 
Com puter-graphical constructs 
called "motion guidesn and "task 
Iinesn have been developed to facili-
tate remote computer-based planning 
and control of the motions and tasks 
of robots in situation in which (1) 
there are significant signal-propaga-
tion delays between the robots and 
the control station where human 
operators are located and/ or (2) in a 
command-line programming envi-
ronment, the robot trajectories and 
tasks cannot be easily visualized. The 
motion guides and task lines are pre-
Easy Motion Control 
PROGRAMMI NG 
AS EASY AS 1-2-3 
At Oregon 
Micro Systems, 
we make pro-
gramming our 
multi-axes servo 
& stepper motion 
controller boards 
easy for you. 
First, our boards do not require 
complicated, dedicated software 
languages to master. Special OMS 
software and our extensive library of 
commands help simplify the task. 
Second, we make it very simple to 
switch from one controller type (PC) 
to another (VME) with minimum 
software development. Our uniform 
command set makes it possible. 
Third , you can easily determine 
complex move sequences, time 
delays and status checks because of 
the large number of user definable 
110 bits available. 
Plus they offer the best perfor-
mance at the lowest installed cost 
available. Evaluation units are 
available within 24 hours of your 
order. 
For our new catalog, please contact: 
Oregon Micro Systems, Inc., 1800 NW 
169th PI. , CIOO, Beaverton, OR, 97006. 
Tel: 503 .629.8081 , Fax: 503.629.0688, 
e-mail : sales@omsmotion .com. 
http://www.omsmotion.com. 
Toll Free: 800.707.811 J. 
Oregon Micro Systems, Inc. 
A Pro-Dex Company 
For More Information Write In No. 822 llb 
ented as part of a 
graphical user interface 
to provide a more intu-
itive programming envi-
ronment in which mo-
tions and tasks can be 
visualized more easily 
and thus modified 
more easily to achieve 
objectives and prevent 
collisions. The motion 
guides make it possible 
to plan safe (noncolli-
sional) paths, even in 
the presence of signal-
propagation delays; task 
lines facilitate the speci-
fication of tasks. The 
motion-gu i des / task-
lines approach to tele-
robot control has great 
potential for applica-
tion in manufacturing, 
underwater exploration, 
and handling danger-
ous materials. 
A motion guide is a 
graphical representa-
tion of the path that a 
robot is required to fol-
low (see figure). The 
operator can generate 
AEROTECH, Inc. 
101 Zeta Drive 
Pittsburgh, PA 15238 
Phone (412) 963-7470 
Fax (412) 963-7459 
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The Unified Operator Interface is a graphical user interface for remote planning and control of a robot. Motion 
guides and task lines in the display represent robot trajectories and robot tasks, respectively. 
In the UK: 
AEROTECH, Ltd. 
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Fax: (011S) 981 5022 
In Germany: 
AEROTECH GmbH 
Phone: 0911/ 52 10 31 
Fax: 0911/ 521 52 35 
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lowest OEM cost 
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and end users 
~ 
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Visit Aerotech online at kSll 
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or cause the generation of a motion guide by any of sever-
al alternative techniques; for example, sampling the path 
of a imulated robot trajectory, arbitrarily choosing path 
segments and allowing them to be joined by mooth com-
puted tran itional curves, or interpolating between speci-
fied locations. Regardless of the method of generation, the 
robot i con trained to fo11m the path. The operator can 
choo e to drive the robot along the motion guide by push-
ing a spacebaU; pushing the ball forward or backward 
drives the robot forward or backward on the path. The 
operator can easily change the path while the robot is mov-
ing along it. 
afety features to prevent collisions are planned but not 
yet incorporated into the robot-control and graphical-user-
interface oftware. One such feature would provide for 
automatic detection of potential collision at all points 
along a motion guide rather than only at the current posi-
tion of the robot. The locations of potential collisions 
would be highlighted to alert the operator to the need to 
modify the planned robot trajectory. The operator could 
thus generate or modify a trajectory without going 
through a separate simulation step to verify the safety of 
the trajectory. Another such feature would provide for 
automatic modification of parts of the motion guide to 
prevent collisions, while preserving the other parts of the 
motion guide. 
A task line is a graphical representation ofa sequence of 
commands pertaining to a task. A task line includes an 
icon that repre ents a subtask and is attached to a motion 
guide at the location where the sub task is to be performed. 
The icon in a task line for a visual inspection appears as a 
video camera; that for measurement of temperature looks 
like a thermometer; and that for gas inspection looks like 
a cloud. When an icon is selected, a panel that describes 
the associated sequence of commands appears in the lower 
part of the display. The operator can use this panel to 
enter parameters and/or otherwise modify the subtask. A 
task line can also be used to provide for reactive sequenc-
ing of commands; for example, if a robot is commanded to 
perform a temperature inspection, it can also be com-
manded to react by scanning a camera over a spot where it 
detects a temperature greater than a specified threshold 
level. 
This wark was done by Paul G. Backes and Stephen F. Peters of 
Caltech and Linh Phan and Kam S. Tso of SoHaR, Inc., far 
NASA's Jet Propulsion Laboratory. Far further information, 
write in 30 on the TSP &quest Card. 
NPO-19807 
~ Thermally Actuated Release 
Mechanism 
The mechanism holds a tang securely until 
thermally actuated. 
NASA ~ Jet Propulsion Laboratory, Pasadena, 
California 
The figure illustrates a mechanism that ecurely holds a 
tang until a thermal actuator in the mechanism is ener-
gized to release the tang. The mechanism can be reset and 
reused in sub equent release operation. 
In the initial, locking configuration, a locking spring 
biases a locking pin leftward into a position in which it 
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Reducer and Drive in Low Profile Package 
Provides a 2-Stop , /2 Revolution Index! 
NEW Dial Table Indexing Drive 
• Optimize Speed 
and Accuracy with 
eyclo Index 
Patented 
Motion Curve. 
• I ncrease Drive Life 
and Shock 
Resistance, 
Im~ Precision 
ana MInimize Back 
Lash with Double 
~ng 
Reducer. 
• Center Through 
Hole for Power and 
Signal Apparatus. 
1129 West Fairview AYe. • c.rthage, MO 64836 
Phone (417):158-6136. Fa (417»)58 8629 
For More Information Write In No. 838 13b 
Pushpin Spring-Loaded 
Retaining Units 
LOCKING CONFIGURAnON 
oTang is locked. 
engages the tang. When the thermal 
actuator i energized, it pushe right-
ward against a pushpin, overcoming the 
leftward bias of a return pring. The 
pu hpin, in tum, pushe the locking pin 
rightward into a po ition in which it no 
longer re train the tang. Once this lock-
ing configuration has been attained, 
spring-loaded retammg elements 
engage locking groove in the locking 
pin; thi prevents the locking pring 
from pu hing the locking pin back into 
engagement with the tang, thereby 
maintaining the release configuration. 
When the thermal actuator is deener-
gized, the return spring force the 
pushpin leftward, back to its initial posi-
tion. The locking pin remains in its 
rightmo t (release) po ition until and 
unless the retaining elements are with-
drawn from the locking grooves in the 
locking pin. To reset the mechanism, 
the tang is in erted, then the retaining 
elements are withdrawn; this causes the 
locking spring to push the locking pin 
leftward into engagement with the tang 
in the original locking configuration. 
o Tang is released. 
~ 0 Failure of pushpin to retract does not inhibit release of tang. 
• -- . - 0 Retaining elements 
prevent lock pin from 
reengaging. 
RELEASE CONFIGURAnON WITH ACTUATOR 
oPushpin retracts. 
This work was done by Richard E. 
Fleischnfff of Caltech for NASA's Jet Pro-
pulsion Laboratory. For further infonna-
tion, write in 65 on the TSP Request Card. 
NPO-19665 
RELEASE CONFIGURATION WITH ACTUATOR RETRACTED 
The Tang Is Released when expansion of a wax pellet pushes the locking pin rightward. The lock-
ing pin thereafter remains in the release position until reset. 
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i Adaptive-Feature-Map Analysis of Bearing-Defect Vibrations 
Defective bearings can be detected automatically during operation of a machine. 
Marshall Space Flight Center, Alabama 
A panern-classification technique 
for automated early detection of 
faults in the bearings of a high-speed 
rotary machine (e.g .• a rurbopump) 
involves analysis of vibration spectra 
by use of a mathematical construct 
called an "adaptive feature map" 
(AFM ). Like numerous other vibra-
tion-analy is fault-detection tech-
nique, this technique is based on 
obtaining vibration data from 
accelerometers mounted on the 
machine, then proce ing the data in 
a way that reveals anomalous and/or 
changing patterns indicative of the 
existence and/or onset of faults. 
Some of these other techniques 
depend on "training" by use of com-
prehensive sets of vibration data 
acquired previously during operation 
with known faults. In the present 
tech nique, the AFM automatically 
classifies input data according to their 
patterns and updates its classification 
scheme as new data are acquired so 
that, in effect, the AFM "learns" pat-
terns of normal and anomalous vibra-
tions without supervision or prior 
training. 
T h e time-domain vibration data 
from the accelerometers are fast-
Fourier-tran formed into frequency 
spectra. Each spectrum is regarded as 
a continuous"valued pattern or fea-
ture vector in an n-dimensional space. 
These vectors are pre en ted sequen-
tially as inputs to the AFM without 
specifying the desired outputs. 
T h e functions of tbe AFM are 
implemented by an un upervised-
learn ing algorithm that can be repre-
sented graphical ly as hown in the fig-
ure and can be characterized further 
in term of n input node and m out-
put node. Each input vector X is 
compared with weight vectors Wj (1 ~ 
j ~ m) associated with the output 
node. 
Ini tial ly there is only one output 
node (;=1) that represents the normal 
(no-fault) case, and the initial weight 
vector (WI) for thi case is arbitrarily 
set equal to the first input vector. 
Each ucceeding input vector X is 
then utilized as follows: The 
Euclidean distance dl between X and 
WI i computed, then compared with 
a quantity called the "vigilance factor" 
(p ). If dl < p, then X is deemed to be 
March 1997 
clo e enough to WI that it belongs to 
the norma] case. Then the weight vec-
tor for the normal case i adapted to 
the accumulating knowledge of nor-
mal-case input vectors by adjusting it 
according to the recur ive equation 
AW l = (X - W I )/ It where I denotes 
the total number of input vectors that 
have thus far been classified as 
belonging to the normal case. 
If dl ~ p, then X is deemed so far 
from WI that it belongs to some other 
case, which could represent a fault. A 
new weight vector W2 = X is created 
for this case. Thereafter, each suc-
ceeding input vector is compared with 
W2 as well as with WI' The process is 
repeated, each time either updating 
When it comes to precise positioning, 
NSK is right on the money. 
When the design demands efficient, 
highly accurate zero-backlash linear 
or rotary positioning, it pays to think 
NSK. Here's why. 
The MegaThrust high-speed, 
direct-drive linear actuator gen-
erates up to 192 Ib of force at 
speeds up to 71 in/sec with 1 Jim 
resolution. 
Standard, multi-function digital servo 
driver can be interfaced with a variety 
of remote computers and controllers 
for sophisticated sequencing. 
The MegaThrust motor is avail-
able in a wide range of standard and 
custom travel lengths. 
NSK's MegaTorquee rotary 
positioner produces up to 360 ft-
Ib of torque and speeds as high 
as 180 rpm. 
Gearless, direct-drive design means 
exceptional accuracy and superior 
repeatability. High torque means 
quicker acceleration and shorter 
cycle times. Pennanently lubricated 
bearing can handle axial loads up 
to 4000 lb. 
The MegaTorque motor comes in 
a variety of sizes and models, in-
cluding waterproof styles. 
Ask for your FREE 
product guides today. 
NSK CORPORAnON 
Precision Products Division 
250 Covington Drive 
Bloomingdale, IL 60108-3106 USA 
1-8JO.255-4773' FAXs:»-924-81W 
For More Information Write In No. 824 15h 
Priced to Move, UniSlide® 
Positioning Slide Assemblies 
Over 945 different Models 
to choose from 
Linear lides 
Rotary Tables, 
XYTable 
5 Width: 11/ 2" to 9" 
24 Lengths: 2" to 90" 
ingleor 
OEM Quantities 
Compact & Durable 
Non-magnetic 
Economical 
Get to your 
Point! 
Getyournew 
FREE40page 
CataJogG 
today! 
Bloomfield, N. Y. 14469 
For More Information Write In No. 835 
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'OIlGE' 
8All 
SCIIEWS 
Remember Kerk Anti-Backlash 
and general purpose Lead Screw 
Assemblies for unsurpassed quality. 
• PRECISION SCREWS 
• PATENTED Nur DESIGNS 
• No PRE·WADING OR WBRICATING 
• LEADACCURACYTO.OOO1IN.!lN. 
• loNG liFE, SMOOTH OPERATION 
• Low DRAG TORQUE I Low COST 
[kerk] 
Motion Products Inc 
For more information tel 603-465-7227 ' fax 603·465-3598 
I Kerk Dnve. Box 539 ' Hollis. NH 03049 
For More Inf ormation Write In No. 836 
one of the previou ly created weight vectors, Wi> according 
to .6. Wj = (X - Wj) /~, or el e creating a new weight vector 
W ... 1• 
After enough input vectors have been pre ented, the 
weight vectors become the centers of dusters of input vec-
tor, and the point-density functions in the e du ters 
approximate the probability-den ity functions of the 
input vectors. In addition, nodes that are dose together 
can be expected to be sensitive to imilar input vectors. 
AFM 
W j =1 , .. . ,m 
Case m + 1 
Update Wj 
! 
Casej 
Each Input Vector X is compared with the m previously created weight 
vectors W) and used either to update one of them or else to create a 
new weight vector Wm , ,. 
This AFM technique was tested by applying it to vibra-
tion data in the frequency range from 14 to 20 kHz from 
experiments on two turbopumps. For comparison, the 
data were also analyzed by another technique, called 
"envelope analysis," that had previously shown to provide 
early indications of faults. The results of these tests 
showed that the AFM technique is more capable of reveal-
ing subtle changes in signals and gives earlier warnings of 
faults. 
This work was done by Harrison H. Chin of BF Goodrich for 
Marshall Sp ace Flight Center. For further information, write 
in 27 on the TSP Request Card. 
MFS-26466 
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lmprimis Systems, an 
Diego, CA. has intro-
duced the RatioBox'" 
series of motor gearbox-
es for use with any NEMA 
17,23, or 34 motors. The 
gearboxes change output 
speed, torque, and re-
flected inertia without 
producing backlash. A 
belt and pulley system 
makes the drnces suitable for medical, instrumenta-
tion , semiconductor processing, and manufacb.uing 
applicatiolll. Constructed of die-cast aluminum with 
ball bearing suppon, the gearboxes mount to both 
motors and machines. They also increase motor 
torque and optimize load-to-rotor inertial ratios. 
For More Information Write In No. 755 
~tt{1 II; 
<'~ 1 , Parker Hannifin Corp., Compumotor Div .• Rohn-ert Park, CA, offers the APEX-1 0 analog servo drive, which incorporates power electrocLics and can 
drive a variety of servo motors. Hall effect or brush-
less resolver commutation feedback is accepted and 
can be configured for different pole pair motors. 
Connections are on removable screw terminals for 
easy installation and cable routing. The drive oper-
ales in velocity or torque mode and can be matched 
with a servo controller for point-to-polnt positiorLing 
and contouring. Other features are 16 amps of peak 
current, standard ±10 V torque or velocity command 
input, S K}U PWM switching frequency. and nine 
diagnostic LEOs. 
For More Information Write In No. 757 
lndustrial Indexing }'Stems. 
Victor, NY, has introduced the 
DeltaPro'" modon control-
lers, consisting of 19 models 
from 120 to 6500 waus. The 
lightweight systems integrate 
everything required for a 
motion system, including 
positioner, amplifier, high-power-density motor, oper-
ator interface, power supply, and cables. They are 
designed for basic motion control applications such 
as positioning. indexing, profiling. and eleClronic 
gear ratios. Features include dual 32-bit RISC proces-
sors, flash ROM and OVRAM memory. a 6ve-digit 
driver, and all-digicaJ electronics. Programming is 
performed through a touch pad operator interface or 
a PC connected using an RS-232 pon. 
For More Information Write In No. 759 
The Model 200. 
pneumatic posi-
tioner (rom W.E. 
Anderson Div .• 
Dwyer Instru-
ments, Michigan 
City, IN, fearures a 
transparent cover 
and colored indi-
cator for visual 
verification. It allows access to span and zero adjust-
ments, as well as direct or reverse action with no 
additional reqwred parts. The drnce incorporateS 
no external springs and is vibration-resistant. It oper-
ates over a temperature range of -21· C to 71 · C. NPT 
mounting threads of 1/ 4" and 1/S" provide supply 
and instrument connections, respectively. 
For More Information Write In No. 761 
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The escape P850 
microstepping sys-
tem from Portescap 
U.S., Hauppauge, 
NY, features point-
to-point movement 
without ringing at 
the final position. 
The low-inertia step-
per motor can target 12,800 positions per revolution 
(at 64 microstep / step) , and delivers holding torque 
up to 189 oz-in. High speeds of more than 1,500 
RPM can be reached for longer trajectories. 
Electronic damping control reduces low ... peed and 
mid-range resonances and eliminates overshoot at 
the end of a movemenL 
For More Information Write In No. 756 
The MC/ DNET-I000 
Device et motion con-
troller from Motion En-
gineering. Santa Bar-
bara. CA, is 0 P-based 
and provides single-axis 
standalone motion con-
Irol. It can be programmed directly from a PC or 
PLC attacbed lO a DeviceNel network. The unit con-
trols poinl-to-poinl motion and trapezoidal, 5<urve, 
and parabolic motion profile . It features dual 
processors that enable storage and execution of up 
to 256 DeviceNet program blocks. and 4 KHz servo 
update rate motion control with tl,ree modes of 
operation: position. yelocity. and lorque control. 
The 2.5" x 3" x 6" enclosure can be panel-mounted. 
For More Information Write In No. 758 
Polytec PI, Au-
burn, MA, offers 
a line of DC 
molor control-
lers for use in 
microposition-
ing, micromanu-
facluring, op-
tics. and precision mechanics applications. The con-
trollers enable simultaneous operation of up to 16 
DC servo motors and can be controlled manually via 
a joystick or keypad. or by computer. They feature 
external power amplifiers; macro programming lan-
guage; IEEE 488, RS-232. and PCBUS interfaces; 
I/O lines for flexible automation tasks; and 
LabVIEW'" drivers for programming. Benchtop and 
PC plug-in versions are available. 
For More Information Write In No. 760 
API Deltran. American 
Precis:ion Industries. Am-
bersl. NY, has announced 
the SB Series of motor 
brakes for integration 
into NE tA- and metric-
dimension tep and servo 
motors. Seven models of 
spring~t, electrically re-
leased brakes are avail-
able "ith holding lorque 
ratios from 10 to 1.200 lb-in and diamelers from I.S" 
to 7.25". The brakes feature a low backlash rolor-to-
stator design for motor holding po ition accuracy. 
and an operating temperature to lSO· C. tandard 
coil voltage ratings are 24 and 90 VDC; non-standard 
voltages are available. 
For More information Write In No. 762 
www.nasatech.com 
More and more machine tool 
owners. integrators and OEMs are! 
They've discovered the power 
and flexibility of our new PMAC-NC 
for Wi71dowS™ program. 
On a PC platform with 
Windows '95™ and NT. 
They're switching to PC-
based, open architecture solutions. 
Transforming merely ade-
quate machines into real pedOJlIlefS. 
Their machines are cutting 
better circles. More accurate 
parts. Much faster. 
And that 's not the half of it. 
They're really taking control by: 
- electing the controller, 
ampUfer and motor which work 
best for their applications. 
-Going into fifth axis up to 
eight a.'ds applications. At huge 
savings. 
- Achieving superior and 
reliable servo performance. 
- Delivering block 
throughput rates to well over 
1,000 per econd. 
-Increasing performance. 
- Reducing co t with our 
P tAC 2 and digital PW ~ amplifiers. 
Are your eNC machine 1001s 
oUI of control? 
Call us. 
Discover how easy 
it is to take control! 
See lor ,ou"oll al Weslec Booth 41 08 
9036 Winnetka Ave., Northridge, CA 91324 
Phone: 818-998-2095 Fax:818-998-7807 
Internet: www.deltatau.com 
For More Information Write In No. 837 
ISb 
EXTREME ENVIRONMENT 
STEPPER MOTORS 
Phytron, Inc. 
1345 Main St. Waltham, MA 021 54 
Tel. 1-800-96-phytron Fax 617-647-3526 e-mail: info@phytron.com 
For More Information Write In No. 840 
• Lintech positioning tables offer precision 
performance and design flexibility. 
• All standard tables are available 
in manual and motorized 
models. 
• Standard accessories are 
available to customize your positioning 
table for your specific needs. 
• 2 different series of rotary tables are available. 
• Custom Positioning Systems are also available. 
Lintech 's positioning tables offer precision 
performance and design flexibility for use in 
a wide variety of Motion Control applications. 
• SINGLE SHAFT ASSEMBLIES 
• TWIN RAILe SHAFT ASSEMBLIES 
• TWIN RAILe CARRIAGE ASSEMBLIES 
IDEAL FOR: 
- Pick & Place 
- General 
Automation 
-Inspection 
Stations 
-Test Stands 
-Laser 
Positioning 
- Part Insertion 
- Part Scanning 
& many more! 
Lintech Automation 
Specialists are located 
throughout the U.S. 
and Canada. For more 
information call, write 
or fax for a FREE! 
complete catalog of 
all Lintech products. 
1845 Enterprise Way 
Monrovia, California 91016 
Telephone (818) 358-0110 
Toll Free .. (800) 435-7494 
Fax • ..... (818) 303-2035 
For More Inf ormation Write In No. 839 
Newf !1!t?[ducts 
frame size and smaller stepping mo[Ors. The 4-arnp 
per-phase, bipolar. chopper drivers have eight re 0-
lution settings from 1/2 step to 1/ 256 step, all user-
selectable \~a a modular connec[Or. Fearures include 
tep resolution to over 50,000 steps per revolution, 
operation from a ingle power upply, up to 1 MHz 
step clock rate, and automatic current reduction and 
boo [ mode. The driver package includes a finned 
heat sink with channel mounts for an optional cool-
ing fan (standard on the DR-4MP ). 
For More Information Write In No. 763 
The ZS 1,-
axis position-
ing stage 
from Anorad 
Corp., Haup-
pauge, NY, is 
a vertical trav-
el axis based 
on a three-piece wedge design. Both horizontal and 
vertical motions are guided by crossed roller bear-
ings. The stage design pro~des an unobstnlcted 
mounting surface, allowing acces from the top and 
all sides. The S" square stage has a nominal height of 
3" and is constmcted of anodized aluminum. 
Nominal travel is ±O.5"; accuracy and repeatability 
range from O.25\ffilto 10 I'Ill and are drive- and feed-
back-independenL 
For More Information Write In No. 764 
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Precision 
MicroControl 
Corp., Carls-
bad, CA, offers 
the DCX-AT 
digital motion 
and I/ O con· 
trol card for installation in an AT/ ISA bus or for 
standalone operation. It pro~des one to six axes of 
servo and/ or stepper motion control with 26 dedi-
cated 1/0 lines for each axis and 16 to 96 undedi· 
cated digital 1/0 line. Multiple controllers can be 
joined to pro~de up to 96 axes of control and 1,536 
undedicated digital I/O lines. Capabilities include 
multi·tasking, complex contouring, s.curve velocity 
profile, and continuous path motion with cubic 
spine interpolation. 
For More Information Write In No. 765 
Motran Indus-
nies, Valencia, 
CA, has intrO-
duced a line of 
linear electro-
magnetic iner-
tial force actu-
ator'S for active 
~bration con-
trol applications and for use as ~brators over a range 
of frequencies and forces. The acruators are 
designed to actively produce mass reaction forces 
onto the surface on which they are mounted. The 
sealed units have no external mO\ing parts and are 
lolerant of high temperatures. Acrualors are avail-
able with output from 1 to 300 pounds; custom 
designs also are available. 
For More Information Write In No. 766 
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The rig is shipped to the antenna site 
dismantled and assembled there at a 
comfortable working height. Then the 
rig serves to erect itself to a working con-
figuration: Fir t, the cable from the 
winch is strung as shown in Figure 1, 
with its tip attached to the antenna post 
via a chain. The winch i turned by hand 
to raise the rig until the region between 
the two up-permost pulleys is positioned 
over the antenna po t. The winch is elf. 
locking, so that there is no danger to the 
operator when the handle i released. 
Next, a chain is attached between the 
lower end of the large rig member and 
the base of the antenna po t to provide 
a stable base. Finally, the cable is trung 
as shown in Figure 2 and used to posi-
tion the reflector-support structure and 
the reflector. 
This work was dmlc by Karl R Reader of 
Analex Corp. for Lewis Research Center . 
For further information, write in 56 on the 
TSP Request Card. 
Inquiries concerning rights Jor the commer-
cial use of this invention should. be addressed 
to ~A Lewis &search Center; Commercial 
Technology Office, Attn: Tech Brief Patml 
Status, Mail Stop 7-3, 21000 Brookpark Rd., 
Cl£uelo.nd, OR 44135. &fer to LEW-16262. 
Figure 2. The Rig Lifts the antenna-support structure onto the antenna post, then lifts the reflector dish onto the antenna-support structure. The 
split-sheath pulley enables the use of alternative lifting configurations. 
~ Mathematical Modeling of Wire-Rope Vibration Isolators 
A nonlinear model fits experimental data fairly well. 
Marshall SPace Flight Center; Alabama 
A semiempirical mathematical mod-
el has been developed to represent 
the dynamics of wire-rope vibration 
isolators (see Figure 1). Heretofore, 
the design of wire-rope vibration i 0-
lators has been based on experiments 
rather than on fundamental under-
standing of the dynamics. Although 
tbe semiempirical mathematical 
model does not address the funda-
mentals directly in that it does not 
represent the detailed dynamics of 
interactions among individual wires 
in cables, it neverthele s contributes 
to understanding of gross dynamic 
phenomena like damping, hyster-
esis, and variable stiffness. 
The model includes terms for non-
linear stiffness, nth-power velocity 
damping, and variable Coulomb-fric-
tion damping. It fits experimental 
data fairly well (see Figure 2), and in 
doing so, it is consistent with the 
NASA Tech Briefs, March 1997 
notion that damping is caused main-
ly by sliding friction among cable 
wires. It is at 0 con i tent with tight-
ening and loosening of different 
Supported 
Mass 
WlRE-ROPE VIBRATION ISOLATOR 
CONTAINING SUPPORTED MASS 
/ 
numbers of wires during POSitive 
and negative displacements and the 
consequent asymmetry in the gross 
dynamic. 
SUPPORTED MASS AND WIRE-ROPE LOOPS 
REMOVED FROM FRAME 
Figure 1. This Wire-Rope Vibration Isolator and supported mass were used in experiments to 
test the mathematical model. 
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The basic equation of the model i 
m z+r{ k[( Z - u)±e2 (z-uf']+ b}+ 
c(i- uf gn (i-u)+ 
11-a(z-u)2] gn (:i:-u)=O. 
The term in thi equation are defined 
as follow: 
a. z-u denotes the di placement of a 
rna relative to a frame in which the 
rna is supported by a wire-rope 
vibration isolator, 
b. z i the po ition of the mas in the cor-
responding inertial coordinate y tern, 
c. m i the effective value of the upport-
ed mas , 
d. ria nondimen ional factor that 
equal 1 to a fir t approximation and 
is u ed to account for the approxima-
tion of dynamic tiffne , 
e. k i a spring- tiffne parameter that 
repre ents the linear part of the force-
vs.-<li placement pring behavior, 
f. e is a pring- tiffne parameter that 
repre ents the nonlinear part of the 
force- .-<Ii placement spring behavior, 
g. b is the di tance of the tiffness curve 
" 
Whatever You Need in Inorganics -
We'll Work With You to Make It Happen. 
82 
WYes. M That's a word you'll hear a lot at 
Cerac. From the rarest inorganics to the 
most common, you'll find us ready, 
willing and able to provide exactly what 
you want. Right away. Without the 
burden of sourcing multiple vendors to 
get the job done. Why? Because we 
have what it takes - a "Can Do" attitude 
and the widest selection of inorganics in 
the business - produced right here at 
Cerac. So you know you're always 
• 'vmua1Iy Any Size or bape: Powders, 
Evaporation Materials, Sputtering TaIgffi 
• Q.mruities £ian Grams to ThJusands ofKikwams 
getting the highest quality and consistency. 
Need a small lab quantity? " Can do." 
Want precision scale-up fast? "Can do." 
Want to save money buying direct from 
the manufacturer? " Can do." Want to 
find out for yourself? Just pick up the 
phone and give us a call. 
Ask For Our Free Catalog 
414 .. 289 .. 9800 
• The ~·s Widest Selection of loorg:anics 
• 'early Arri CooqxEtion 
• Custom Manufucruring 
407 N 13th 51 ' p.o. Box 1178 ' M>lwaukee. W153201 USA ' Tel. 414128S-9800 ' Fax: 4141289-9805 
E-maIl: marketmg@cerac.com • Home Page: www.cerac.tom 
YOUR SI~GLE SOURCE fOR INORGA les fROII R&D TO fULL SCALE LP 
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above the origin when the di place-
ment i zero, 
h. c i the nth-power-<lamping coefficient 
(approximated as a constant although 
in practice, it varie with time), 
i. Ji the friction force at mall di place-
ment, and 
j. a i a parameter that accounts for the 
observed decrease in friction with 
increasing di placement as wire be-
come tighter again t each other and 
are thu le free to lide. 
The parameters m, r, It, e, b, c, and a 
are determined by iterative computa-
tion and comparison of data from com-
4.5 ,..-------------, 
3.0 
1.5 
f! 
!Ii 0.0 
~ 
-1 .5 
-3.0 
-4.5 '-----'_--J.._--'-_-L-_...L----J 
--{).05 --{).03 --{).02 0.00 0.01 0.03 0.04 
Relative Displacement, in. 
Figure 2. This Hysteresis Curve fo r the vibra-
tion isolator of Figure 1 was computed and 
measured at an excitation frequency of 100 
Hz and excitation amplitude of 0.0125 in. 
(0.32 mmJ. Other frequencies and amplitudes 
yielded similar results. 
puted and experimental trajectories. 
The value of n has been as umed to be 
2 in studies conducted thus far. orne 
additional refmement of the model 
may be needed: Under some circum-
tances, the model unrealistically pre-
dicts instability (negative damping or 
self-excitation); however, the in tabil-
ity can be eliminated by suitable 
choice of parameter a or by choosing 
nth power velocity damping as the ole 
damping mechanism (J = 0). 
This work was done by M. L. Tinker oj 
Marshall Space Flight Center and M. A. 
Cutchins oj Auburn University. For Jurther 
inJormation, write in 84 on the TSP Request 
Card. 
Inquiries concerning rights Jor the com-
mercial use oj this invention should be 
addressed to the Patent Counsel, Marshall 
SPace Flight Center; (205) 544-0021. ReJer 
to MFS-26358. 
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HR 'i~:;itt·):1 
A Breakthrough 
in Servovalve 
ROTACe 
Hyd·ro·ac~ 
Controllable Rotary Motion 
New Technology - New Products 
HR Textron has been setting industry standards for 
advanced servovalve engineering and superior perfor-
mance since 1954. The innovative Direct-Drive Servo-
valve (DDV) design eliminates the conventional 
hydraulic amplifier. Servovalve capability 
is enhanced by sophisticated 
electronics, including an 
integrated electronics 
module and feed-
back card. 
Micro-Precision Textron and HR Textron, leaders in their respective 
fields, have joined forces to offer their customers a stronger marketing, 
sales, and application engineering network. Micro-Precision Textron 
An industry leader, Micro-Precision offers a full 
line of hydraulic and pneumatic oscillating 
rotary actuators for countless applications. 
has been manufacturing vane-type rotary actuators for over forty years. 
HR 'i ~lht.J:1 For More Info Call or write: Micro-Precision Textron, Marketing Dept, 525 Berne St, Berne IN 46711 
Micro-Precision' i :(" ,t·l: I (219) 589-2136 Fax: (219) 589-8966 www.micro-precision.textron.industry.net 
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o Software for Teaching Aerodynamics 
Interactive graphical displays help students visualize results of flow calculations. 
Lewis Research Center, Cleveland, Ohio 
Six computer programs olve variou aerodynamical prob-
lems, accepting inputs and pre enting outputs via interactive 
graphical displays. The e programs are designed to help 
undergraduate students vi ualize the re ults of their calcula-
tion and thereby gain deeper under tanding of principle of 
aerodynamics. These program can al 0 be u ed in prelimi-
nary, approximate design analy e , enabling engineers to 
quickly explore the effects of variations in de ign parameters. 
Similar programs that mathematically model different phe-
nomena could be u ed for similar purposes in other engi-
neering and scientific disciplines. 
These programs model classical flow phenomena as repre-
sented by simplified equations that can be olved rapidly 
enough for interactive analysis on modern computer work-
stations. As a student varies the geometry or flow conditions 
for a given flow problem, the new conditions are calculated 
immediately and the results pre ented to the student in 
graphical and numerical formats. 
The programs and the problems they solve are the following: 
• VU-TURBO performs design and off-design Brayton-cycle 
analysi for a turbojet engine with or without an afterburn-
er, or for a two-spool turbofan engine. 
• VU-FOIL uses a potential-flow model to compute flows 
around airfoils of various shapes. 
• VU-SHOCKS computes supersonic flow past multiple 
wedges, producing graphical displays of the shock fronts 
that occur in such flows. 
Engineered for 
Your Environment 
EE Engineering Environments™ - An innovative furniture 
system designed to optimize your technical work environment. 
• Increases productMty by organizing equipment for instant access 
• Unmatched strength and stability support the heaviest instrumentation 
• Superior cable management · Countless configuratlon choices 
• Integrated ESD controls for sensitive environments · Ufetime Warranty 
For NEW Color Brochure: Call 800-225-7348 or 508-852-4300. FAX 508-853-8904. 
W RIG H T • LIN E technical furniture solutions 
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• -INLET compute upersonic flow through an external-
or mixed-compre ion inlet. 
• VU-DUcr implements a one-dimen ional model of incom-
pre ible, invi cid flow, based on simple con ervation of 
mas and momentum, to compute the flow through an 
open- or closed-circuit wind tunnel. 
• D cr IZER is used to de ign or tudy flow through multi-
ply connected air-conditioning ducts. 
VU-FOIL Computes Flow Around an Airfoil, enabling the user to explore 
the effects of design parameters like thickness, camber, and angle of 
attack. 
The figure hows part of a typical VU-FOIL display. The tu-
dent can change the shape and the angle of attack of the air-
foil by use of the sliders in the lower right window. The 
streamline in the upper right window are immediately updat-
ed to show the effects of these changes, and the lift coefficien t 
is recalculated. The student can move a probe that samples 
the pressure and velocity; this amounts to doing a simulated 
wind-tunnel experiment in which probe measurements are 
taken at various locations to map the flow field. The student 
moves the probe by use of the slider in the upper left win-
dow, the location of the probe is indicated by a red dot, 
which, in this case is located on the first streamline above the 
airfoil. The value of the flow variable being "measured" is 
indicated both numerically and graphically in the upper left 
window. 
The programs have been tested on a variety of UNIX com-
puters, including SGI, IBM, HP, DEC, and Sun. They can also 
be executed on personal computers running Linux with an X 
graphic emulator. The program can be run in either stand-
alone or client/server mode. Additional features of the pro-
grams include on-line help screens, optional printed output, 
restart capability, on-line references, and examination soft-
ware tools. 
This work was Mne by Thomas J. Benson of Lewis Research 
Center and C. Fred Higgs ill of Rensselaer Polytechnic Institute. 
For further information, write in 21 on the TSP Request Card. 
Inquiries concerning rights for the commercial use of this inven-
tion should be addressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech Brief Patent Status, Mail 
Stop 7-3, 21000 Brookpark Rd., Cleveland, OH 44135. Refer to 
LEW-16298. 
ASA Tech Briefs, March 1997 
T! 
Integrated's line of electromagnetic software, using the 
boundary element method (SEMI performs effortlessly ... so you 
can analyze, customize and finalize, quickly and easily. You 
save time and money through: 
• immediate productivity • accurate, efficient solutions 
• reduced prototyping costs • expert technical support 
"Integrated's BEM software provides accursts results 
and improves motor design cycle time without B com-
plex FEM mesh, ,. 
Mark R. Thomas, R&D Engineering Manager, 
Prestolite Electric Inc. 
We're on the cutting edge of CAE design and analysis, bringing 
you the most advanced electromagnetic software available 
anywhere. Our high powered, user-friendly software enables 
you to optimize your designs with incredible efficiency. 
We provide you with sample problems plus a database of 
solved industry-specific designs. Also, IGES or DXF geometry 
translators and parametric definitions accelerate the synthesis 
of your own solutions. 
"Integrated's software optimizes our high voltage 
Bccessory and insulator designs, .. reducing material 
cost Bnd enhancing performance. W 
Tom Bialek, Senior Product Development Engineer, 
Raychem Corporation 
Count on full technical support, via phone, fax or e-mail, plus 
you receive regular software enhancements each year. 
Installation time and the "software learning curve" barely form 
a speed bump on the road to doing good work, fast with 
Integrated's software. Call today for a 3D-day trial. 
Electromagnetic Applications: Solution Capabilities: 
• AC/DC motors • electromagnetic fields 
• switches & sensors • torque & force 
• low/high voltage systems • eddy currents & ohmic losses 
• magnetic systems • skin & proximity effects 
• actuators • R, L., C, G &Zo 
• cables • temperature & heat flow 
• other systems • trajectories 
INTEGRATED 
ENGINEERING SOFTWARE 
Phone: (204) 632-5636 Fax: (204) 633-7780 
e-mail: info@integrated.mb.ca 
'or More Information WI1w In No. e07 
0- Evaluation of Agility Metrics for Fighter Airplanes 
Computer simulations have been used to devise optimal test maneuvers. 
Dryden Flight Research Center, Edwards, California 
In upport of recent flight-test pro-
grams that have involved such high-per-
formance fighter airplanes a the X-31 
(see figure) , Dryden Flight Research 
Center has participated in studies to 
validate some of the many proposed 
measures, called "agility metrics," for 
quantifying the performance of these 
airplanes. Previous research had shown 
that some of the proposed measures 
were sensitive to the test methods used 
to acquire data for calculating those 
measures. This is specifically true for 
performance measures that concen-
trate on maneuvers that take several sec-
onds to perform and involve large 
changes in the position, orientation, 
and/ or energy state of an airplane. 
Optimal-trajectory-analy i methods 
were u ed in a study that was per-
formed to quantify the en itivitie of 
some of the e performance measures 
to te t technique or pilot technique. 
Optimal test trajectories for the X-31 , 
X-29, and F-18 airplane were identi-
fied by using an optimal-trajectory-
analysis computer code and imula-
tion of the three aircraft. These 
maneuvers were used to calculate the 
agility metrics in question and quantify 
the effects of maneuver techniques on 
these metrics. These studies showed 
that when an aircraft is tested in a 
maneuver that is optimized to exploit 
the maximum performance of the air-
frame for a given task, great improve-
The Performances of Fighter Airplanes in test maneuvers are quantified by use of agility metrics. 
86 www.nasatech.com 
ments in performance are possible. 
From a long Ii t of dozens of pro-
po ed performance measure from 
many industry sources, three agility 
metric were chosen for this study on 
the basi of the observation that all 
three had shown mixed results in pre-
liminary tudies and all three were vari-
ation on mea ures of standard level-
turn performance and energy maneu-
verability. The first, called the "combat 
cycle time," is a measure of the time 
taken to turn through a specified 
change of heading and then regain the 
energy lost during the turn. The ec-
ond, called "dynamic speed turn 
continued on page 90 
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continued from page 86 
plots, n quantifies the ratio between 
the rate of change of energy and the 
translational or rotational speed. The 
third, called the "relative energy state 
metric,» i a measure of the peed of an 
airplane during a turn. relative to its 
ideal turning (comer) speed. 
All three of these metrics were 
found to be very sensitive to the type 
of turning maneuver u ed to acquire 
data to calculate them for a given air-
frame. Some of the metric values var-
ied as much as 60 percent for the F-18 
airplane in preliminary studies. If a 
turn was flown at maximum angle of 
attack to exploit nose-pointing capabil-
ity, huge energy losses were incurred. 
The proposed agility metrics and tradi-
tional measures of performance con-
centrate on energy loss during the 
turn and they rate this type of maneu-
ver as less desirable. Fighters with 
flight-control limiters that keep angle 
of attack low rated much higher. Thu , 
it was desirable to determine the best, 
or optimal, test maneuver to measure 
the performance capabilities of each 
fighter performing a given task; this 
would provide for a more valid com-
palison of the performance of the 
three aircraft. 
The optimal-trajectory computer 
program used to calculate optimal 
te t trajectories for the X-31, X-29, 
and F-I airplane is called "OTIS" 
(Optimal Trajectorie by Implicit 
Simulation) and was written by the 
Boeing Co. The program u es a 
nonlinear- equential-quadratic-pro-
gramming technique to solve for an 
optimal turning maneuver that is 
resolved into a simple two-point 
boundary-value optimization. Lim-
its specific to each airframe to be 
tested were incorporated into the 
program to focus on maneuvers 
that represent actual capabilitie of 
each airframe. 
Basic differences among the con-
figurations of the three airplanes 
caused each to have a different angle 
of attack where the maximum lift was 
produced. They also had different 
acceleration capabilities, though all 
are powered by the same type of 
engine. Despite this, the resulting 
optimal maneuvers had the common 
characteristic of including quick 
nose-pointing maneuvers during the 
last few seconds of turns to acquire 
final heading angles. All three air-
craft conserved energy during the 
first halves of turns by turning at 
lower than their maximum turn 
rates. The no e-pointing maneuver 
at the end exploited the quick-turn-
ing capability of each aircraft while 
bleeding energy at a high rate for a 
short time only. The result was that 
all the aircraft were capable of com-
pleting 180 0 turns and regaining 
all energy lost during the turns in 
5 to 20 percent less time than in 
nonoptimal pull-and-hold maneu-
vers, without significant increases 
in turn radii. 
Further research is planned to 
look at other agility metrics and to 
relate these metrics to exchange 
ratios in air combat, which i where 
the real performance and agility of a 
given airframe is tested. Also, there is 
need to determine how the proposed 
metrics rate poststall maneuvers, 
which have proven to be quite effec-
tive when used properly in simulat-
ed air combat. 
This work was done by Wes Ryan of 
PRC. Inc., fOT Dryden Flight Research 
Center. FOT further information, write in 
17 on the TSP Request Card. 
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0. Tetherless, Optically Controlled Nanorovers 
Applications as diverse as exploration, surgery, and law enforcement are foreseen. 
NASA s Jet Propulsion Laboratory, Pasadena, California 
Efforts are under way to develop a 
new generation of extremely small, 
mobile, tetherless robots, each type 
designed to perform a specific ensory 
and/ or actuation function or combina-
tion of functions. Called "nanorovers," 
these robots would weigh as little as 10 
mg apiece and would be mass-pro-
ducible and expendable. Some would 
be controlled and/ or powered remote-
ly via artificiall generated beams of 
light; others would be autonomous and 
powered either by artificial beams of 
light or by unlight. A few examples of 
the diverse potential applications for 
nanorover include exploration of nar-
row crevices and inhospitable terrain 
on the Earth and other planets, micro-
92 
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po itioning, precise gripping in surgery, 
inspection in hazardous environ-
ments, law-enforcement inspections, 
and search-and-rescue operations. 
Nanorovers would exploit the emerg-
ing technology of micro-electromechan-
ical structures in general and of thin-
film , light-energized bimorph actuators 
in particular. [The basic concept for 
Illumination 
~imorph Legs 
A Device Containing 1Wo Bimo.rph legs 
could be made to walk in inchworm style by 
alternately illuminating the legs from oppo-
site directions. 
actuation in nanorovers was described 
in "Thin-Film, Light-Energized Bimorph 
Micromechanical Actuators" (NPO-
19607), Laser Tech Briefs, Vol. 20, No.8 
(August 1996), page lla.J Bimorph 
actuators for nanorovers would typical-
ly comprise thin films of the ferroelec-
tric/ piezoelectric material lead lan-
thanum zirconate titanate (PLZT) de-
posited on thin silicon substrates and 
suitably polarized. When illuminated, 
such a film of PLZT generates a large 
photovoltage along its length; by the 
inverse piezoelectric effect, this voltage 
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cau e the bimorph to deflect away 
from the source of light. The figure il-
lustrate a imple walking device based 
on this concept. Enhancement of the 
efficiency of the optical-to-mechanical 
energy conversion would be a key step 
in the development of nanorover to 
exploit thi concept. 
By de igning nanorover to rely on 
light (instead of electricity supplied via 
conductors) for actuation, one would 
not only eliminate external wire that 
act as tethers but would also eliminate 
much of the weight and bulk of conven-
tional electrical power supplies. By mak-
ing electrical control and power lines 
unnecessary, this approach would elimi-
nate concerns over electrical noi e and 
electromagnetic interference at subopti-
cal frequencies. This approach would 
also facilitate unprecedented micro-
miniaturization , leading to ultra-low-
mas packaging, high operating speeds, 
and integration of finely tailored sensors 
and communication circuits onto ingle 
or few substrate. The combination of 
expendability and microminiaturization 
raise the possibility of deploying 
nanorovers in large numbers, reminis-
cent of many ants crawling around to 
sniff, look, and report their ob erva-
tions; indeed, some nanorovers might 
walk on multiple bimorph legs extend-
ing from thumbnail- ized bodies and 
could thus even re emble ants. 
This work was done by Santa Thakoor of 
Caltech for NASA's Jet Propulsion Labo-
ratory. FOT funher information, write in 89 
on the TSP Request Card. NPO-19606 
0. Actuators for Rapid Development 
of Prototypes of Robots 
Capabilities exceed those of commercially 
available actuators. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A product line of gearmotor-type 
rotary electromechanical actuators has 
been designed to accelerate and facili-
tate the development of prototype 
robots. These actuators feature generic 
designs that are amenable to adapta-
tion or modification for specific appli-
cations. These actuators are generally 
more versatile and capable than are 
commercial off-the-shelf gearmotor-
type actuators, which are often unsuit-
able for use in prototype robots for var-
ious reasons that can include limits on 
speed and torque capacities, limits on 
load-bearing capacities, lack of passages 
in shafts to accommodate wiring to be 
connected to other equipment, inade-
quacy of angle-measuring capabilities, 
and geometric configurations that can 
be unsuitable for use with or attach-
ment to other mechanical components. 
The approach taken in designing 
these actuators involved building on a 
commercial line of miniature dc gear-
motors with motor, gearhead, and 
shaft-angle-encoder options that span 
wide ranges of torque, speed, and 
angle-measuring capability. The ap-
proach involved designing a highly ver-
satile gearbox to (1) accept the maxi-
mum speed and torque that could be 
supplied by the chosen gearmotor and 
produce output speed and torque to 
www.nasatech.com 
satisfy any reasonable speed and torque 
requirement and (2) overcome the 
common linlitations of commercial off-
the-shelf actuators. 
A typical actuator of this type (see fig-
ure) includes a dc motor equipped with 
a shaft-angle encoder and gearhead ori-
ented perpendicularly to an output 
shaft. The motor and gearhead drive a 
bevel gearset with a torque rating equal 
to that of the gearhead connected to 
the motor. The axis of the bevel gearset 
is coincident with that of the output 
shaft. The bevel gearset drives a plane-
tary gear train , which can have whatev-
er number of stages is needed to effect 
the desired speed reduction. A single 
clamp retains the shaft-angle-encoder/ 
motor/ gearhead assembly in the gear-
box housing. Bearings for the bevel and 
planetary gears and for the output pro-
vide support again t all rated loads. 
The output shaft is hollow to accom-
modate wiring. An output flange on 
one end of the output shaft contains 
eight holes; this output configuration 
provides the capability to transmit high 
output torque. A cam is attached to the 
other end of the output shaft. A switch 
triggered by the cam can be used for 
"homing~ the output shaft to specified 
limiting angles. The cam can be shaped 
to trigger the switch at specific desired 
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angles. The cam can be adju ted to a 
desired angle setting by loosening a nut 
that holds it in place. 
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This work was done by Timothy Ohm 
and Jaek A. Fr'azier II of Calleeh for 
NASA's Jet Propulsion Laboratory. For 
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! Improved Electrode for Vacuum Arc Vapor Deposition 
Redirection of arc and arc gas reduces exposure time and increases electrode life. 
Marshall Space Flight Center; Alabama 
An apparatus for vacuum arc vapor 
deposition (VAVD) features an elec-
trode configuration that has been mod-
ified to redirect the arc and arc gas to 
obtain a spray of vaporized material 
that is more concentrated in one specif-
ic direction. As a result, the rate of 
deposition is increased and the time of 
exposure of the substrate material to 
deposition conditions is corresponding-
ly reduced. Furthermore, the arc-emis-
sion area is increased, with a conse-
quent increase in the longevity of the 
electrode. 
Control over vapor direction has 
been a problem during the develop-
ment ofVAVD. In its original configura-
tion, the VAVD torch includes a hollow 
cylindrical electrode with a hole along 
its axis. The material vaporized from 
Substrate 
I 
Torch Body 
Arcand 
Gas Path 
the target is accelerated into the vacu-
um in a conical spray with a half-cone 
angle of about 45° with respect to the 
axis of the electrode ( ee figure). The 
conical spray is fairly efficient for coat-
ing the inside of a ring, hole, or other 
surface that circumferentially sur-
rounds the electrode and target, but is 
less efficient for coating a substrate that 
does not surround the electrode and 
target in the case of a substrate that 
must be positioned on one side of the 
axis; some of the spray heads for the 
substrate as desired, but most goes off 
in other directions and is thus wasted. 
Thu , the rate of depo ition is not as 
great as it could be if more of the spray 
could be utilized. 
In modifying the original electrode 
to obtain the improved electrode, the 
Substrate , 
" 
" 
" 
" 
" ~ , " 
.... " 
.... " 
bottom end was welded closed and a 
port for the arc and gas was opened on 
one side. The arc-emission area in the 
improved electrode is located on the 
inside of the electrode near the side 
hole, and the arc and gas are directed 
out through the hole obliquely towards 
the surface of the target. 
This work was done by Jack L. Weeks and 
Douglas M. Todd of &ckwell International 
Corp. for Marshall Space Flight Center. 
For further infamlation, write in 24 on the 
TSP Request Card. 
This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be 
add1"essed to the Patent Counsel, Marshall 
Space Flight Center; (205) 544-0021. Refer 
toMFS-30J19. 
.... , "" Hollow 
................ " , U 
Conical Spray 
" '<~~<::"" If" E'",""", 
--- .......... ' .... ', 0-------- 1:2:~~~Ji 
Target 
ORIGINAL CONFIGURATION MODIFIED CONFIGURATION 
A Greater Fraction of the Vaporized Target Material is directed toward the target in the improved configuration. 
! Plasma-Enhanced Microwave Heating 
Heating is effected first by a microwave plasma torch, then by microwaves alone. 
NASA s Jet Propulsion Laboratory, Pasadena, California 
Plasma-enhanced microwave heating is 
an improved hybrid technique for heat-
ing materials to rugh processing tempera-
tures. This technique can be used in such 
fabrication processes as joining ceramic 
rods, drawing ceramic fibers, simering, 
ASA Tech Briefs, March 1997 
igniting combustible materials, and join-
ing ceramics to metals. 
The need for a hybrid heating tech-
nique arises as a result of the tempera-
ture dependence of the microwave-
ab orption characteristics of ceramics. 
www.nasatech.com 
In general, the degree of absorption of 
microwave power by a dielectric materi-
al increases with temperature, such that 
mo t materials absorb with reasonable 
effectiveness at temperature ~ 800 ·C. 
However, at lower temperatures, typical 
97 
COOLlt ceramics that one eeks to process ab orb microwave too weakly for practi-cal microwave heating. Therefore, prior to heating a ample of ceramic with 
microwave power, it is usually neces ary 
to use another heating technique to pre-
heat the ample. In an older hybrid heat-
ing technique, the sample i preheated 
in a conventional radiant furnace ; thi 
technique is too expensive and slow and 
thus uneconomical for commercial pro-
duction purposes. Plasma-enhanced 
microwave heating is expected to be 
more commercially viable. 
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In preparation for plasma-enhanced 
microwave heating, the sample i placed 
in a resonant microwave cavity in air. For 
preheating, a suitable gas (e.g., helium) 
that can be dissociated easily in the 
microwave electric field i pumped 
through the cavity and microwave power 
at the frequency of re onance of the cav-
ity is used to generate a plasma in the 
gas. Ordinarily, the plasma is ignited at a 
position of intense electric field . 
Initially, the plasma heats the sample 
much more effectively than does the 
microwave radiation, so that the sample 
becomes preheated. Once the sample 
has reached the desired preheat temper-
ature, further use of the plasma would 
waste energy and the plasma would 
shield the sample from the microwave 
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MA 
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Flexible 
radiation. Accordingly, the flow of gas i 
topped to tum off the plasma, and the 
sample is then heated further by 
microwave irradiation alone. Alter-
nativel , the microwave-generated plas-
ma can be u ed as a plasma torch to heat 
objects that cannot be heated effectively 
by microwaves. 
The position (s) of high electric field 
depends on the electromagnetic mode 
of the cavity as modified by the ample. 
In general, the unmodified electromag-
netic mode of the cavity features one or 
more position (s) of highest electric 
field. In addition, high electric fields 
occur at sharp edge and narrow ends of 
objects placed in the cavity. One can 
exploit these effects to maximize the 
capability to generate a plasma on a 
sharp edge or narrow end of a sample; 
this can be done by placing a sample 
with the affected edge or end at the 
maximum-electric-field position of the 
cavity electromagnetic mode. 
The feasibility of plasma-enhanced 
microwave heating was demonstrated in 
an experiment in a rectangular wave-
guide cavity excited in the TE102 mode, 
using helium as the plasma gas and vari-
ous rod samples. In each case, the rod 
was oriented along a maximum-electric-
field line with its tip positioned at the 
point of maximum electric field (see 
Figure 1). In one experiment, the sam-
ple was an alumina rod, the tip of which 
reached a temperature of only 65 °C 
when exposed to 500 W of microwave 
power alone for 400 seconds. However 
in the presence of helium, 200 W of 
microwave power was sufficient to ignite 
a plasma at the tip after about 45 sec-
onds, and by 120 seconds, the plasma 
had heated the tip to about 900 °C. The 
plasma was then turned off, and the 
microwave power quickly heated the tip 
to> 1,600 °C. Further increases in power 
to about 300 W resulted in melting of 
the tip at a temperature ~ 2,000 °C. 
Other experiments with quartz, sap-
phire, aluminum nitride and metal rods 
have also demonstrated the feasibility of 
this technique. 
Figure 2 illustrates the use of plasma-
enhanced microwave heating to join two 
ceramic rods end-to-end. First, a rod is 
inserted from the top of the cavity as in 
Figure 1 and a helium plasma is ignited at 
its tip. Then a second rod collinear with 
the first rod is inserted from the bottom 
and positioned to leave a gap of < 1/ 2 in. 
« 12.7 mm) between the tips of the two 
rods. Because of the concentration of 
microwave electric field in the gap, the 
plasma becomes locked in the gap. The 
plasma quickly preheats both tips. Once 
the preheat temperature has been 
reached, the plasma is turned off and the 
ASA Tech Briefs, March 1997 
Flow of 
He(jum _ ..... ~ __ 
Figure 1. A Plasma Is Formed at the lower tip of the ceramic rod at the 
position of maximum electric field in the microwave cavity. The plasma 
can be used to preheat this rod for subsequent heating by microwave 
power alone. The plasma could also be used as a torch. 
Flow of 
Helium 
Figure 2. Two Ceramic Rods Can Be loined tip-to-tip by plasma-enhanced 
microwave heating of the tips, then pushing the tips together. 
tips are heated to melting temperature by microwave power 
alone. The rods are then pushed together to form ajoint. 
A modified version of the arrangement of Figure 1 can be 
u ed to draw a fiber of the rod material. Once the tip of the rod 
has been melted in the microwave-only proce sing stage, a 
fiber i inserted from the bottom of the ca\lLy. The tip of the 
fiber i placed in contact with the molten tip of the rod, then 
pulled down to draw a fiber from the molLen tip material. 
This wark was done b)' Tzu-Yuan Yiin, Martin B. Bannaiz, and 
Henry W jacksan of Callech far NASA's Jet Propulsion Laboratory. 
Far further infantUltion, write in 28 an the TSP Request Card. 
In accordance with Public Law 96-517, the contractor has 
elected to retain title to thi invention. Inquirie concerning 
rights for its commercial use should be addre ed to: 
Larry Gilbert, Directar 
Technology Transfer 
Calij()T7lia lrutitule of Technology 
Mail Code 315 - 6 
Pasadena, CA 91125 
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ElPolishing a Titanium Alloy by 
Electrical-Discharge 
Machining 
Optimum EDM settings yield a relatively 
high finish. 
Goddard Space Flight Center, Greenbelt, Ma'ryland 
A traveling-wire electrical-discharge machine (EDM) has 
been found to produce a superior intermediate finish on 
one surface of a titanium-alloy workpiece, thereby reducing 
the time that must be spent in manual polishing to achieve 
the required ultimate surface finish. Before the workpiece 
was thu proces ed, generator control parameters for EDM 
polishing of the alloy were not available and had to be deter-
mined experimentally. 
The alloy in question was Ti/6Alj4V (the numbers indi-
cate weight percentages). The workpiece had a thickness of 
3.5 in . (8.89 cm) . Generator parameter settings on the EDM 
were varied between rough machining and two poli hing 
passes to obtain the best possible machined finish. 
Optimum settings (see table) were determined in a series of 
test cuts in scrap. Rever e polarity (wire electrode positive 
with respect to the workpiece) was used in the polishing 
passes to reduce the granularity of the surface of the work-
piece. Flushing pressure was set as low as possible, and wire 
tension was set as high a possible to reduce the vibration of 
the wire, thereby improving the surface finish. 
If previously documented EDM generator settings had 
been used, a finish of 125 microinches (3.2 ).lID) root mean 
square (rms) would have been obtained. However, with the 
optimum settings, the surface finish achieved after the sec-
ond EDM polishing pass was 32 microinches (0.8 ).lm). 
Thereafter, only 15 minutes of polishing by hand was need-
ed to achieve the required ultimate finish of 16 microinches 
(0.4 11m) rms. This combination of optimum EDM settings 
and manual polishing results in a saving of 80 percent, rela-
tive to machining and polishing by previously documented 
methods. 
This work was done by N. Grant Piegari and Dewey Dove of 
Goddard Space Flight Center. No further documentation is 
available. 
GSC-13723 
Parameter Rough Machining Polishing to Polishing to to I 25 ~In . rms 73 ~In. rms 32 j.lin. rms 
Machining Mode 7 7 
Machining Potential, V -3 +3 3 
Maximum Current, A 11 9 7 
Pulse Duration, j.lS 4 2 
Pulse Frequency, kHz 55 125 250 
Reference Speed, mlmln 0.172 0.911 0.911 
Wire Speed, mlmln 9.2 7.2 7.2 
Wire Tension, kg weighl 1.2 1.2 
These Generator Parameter Settings for an electrical-discharge machine 
(Charmilles Model 600 or equivalent) were found experimentally to be 
optimum for rough machining followed by polishing to the indicated 
surface finishes. 
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51 Improved Fabrication Technique for 
Submj)]jrneter Split-Finger Backshorts 
Fabrication time is reduced and quality is enhanced. 
~SA s Jet Propulsion Labaratory, Pasadena, California 
An improved proces for fabrication 
of plit-finger, contact-type backshons 
for milJimeter- and submillime ter-
wavelength waveguide components 
has been developed. A plit-finger, 
contact-type backshort ( ee Figure 1) 
i made from a trip of beryllium cop-
per with thickne and width chosen 
for a close fi t inside a waveguide of rec-
tangular cro s section. Slots perpen-
dicular and parallel to the broader 
sides of the strip are machined into 
one end to split that end to form the 
contact fingers, and the contact fin-
gers are bent outward slightly to 
en ure pring-loaded contact with the 
interior of the waveguide in the pres-
ence of geometric imperfections. 
Because of the small dimensions of 
the slots and fingers, it is difficult and 
time-consuming to make backshorts by 
conventional machining of individual 
units, the quality of the resulting fin-
gers tends to be poor, and the fingers 
are often weakened and damaged by 
the machining proces itself. The 
improved proce s enables mass pro-
duction of backshorts of better quality, 
greater uniformity, and greater relia-
bility, and it costs less than conven-
tional machining doe. In the original 
laboratory selling in which the 
improved process was developed, it 
wa po sible to fabricate 640-GHz 
backshorts like that of Figure 1 at the 
Edge View 
0.0050 
0.0017 0.0017 
Note: DimenSions are in inches. 
rate of three per day by conventional 
machining. The rate of production 
increased to 100 per day when the 
improved process was introduced. 
The raw material for the improved 
process is a cold-rolled, unhardened 
beryllium copper sheet with a thick-
nes about 0.001 in. (about 0.025 mm) 
less than the smaller of the two in ide 
cro ectional dim en ions of the wave-
guide. In the first step of the process, 
the heet is cut to a length of about 1 
in . (25 mm) long and width of about 
1/4 in . (6 mm). The long edges of the 
sheet are rounded by a few strokes 
with an Arkansas stone. The sheet is 
rigidly clamped between two alu-
minum plates (see Figure 2) with one 
of its rounded long edges protruding 
lightly, then the protruding edge is 
lapped flush with the clamp. 
The clamp holding the beryllium 
copper sheet i mounted on a vacuum 
chuck on the translation table of a 
high speed saw of the type ordinarily 
used to dice wafers (e.g., integrated-
circuit wafers). Initially, the clamp is 
aligned so that the saw cuts along the 
heet in the plane located halfway 
through the thickne s, and the sheet i 
thus slit along its full length to the 
required depth. The clamp is then 
rotated 90°, and multiple cross cuts 
are made at specified intervals to form 
the finger of multiple backshorts that 
Broadside View 
-..........- ------
-
0.0050 0.0050 
I 
0.0120 
. 
Figure 1. This Contact Tip of a Typical Backshort is dimensioned for use at a frequency of 
640 GHz in a waveguide with an interiorcross section of O. 00625 by 0.0125 In. (0.159 by 0.31 8 mm). 
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are to be made from the sheet. Of 
cour e, the thickness of the blade 
determines the thickness of the lots. 
Becau e the saw operates automatically, 
intensive oversight by a technician is 
unnecessary. 
sented b Figure I , it wa po ible to 
obtain more than 60 backshorts, each 
0.25 in. (6.35 mm) long and 0.0120 in . 
(0.305 mm) wide from a ingle heet. 
[The maximum height of the back-
shorts i limited by the maximum cut-
ting height of the dicing aw. The 
authors have recently di covered that 
their saw is capable of producing 
backshorts up to 0.700 in. (17.78 mm) 
in length.] 
Once all the slots have been cut, the 
sheet is removed from the clamp and 
affixed to a silicon wafer by use of a 
commerciall available clear wafer wax. 
The wafer and sheet are positioned for 
cross cutting by the dicing saw, and the 
saw is set to cut through the thickness 
at multiple specified positions along 
the length to separate the sheet into 
multiple backshorts. In the case repre-
The wax is dissolved to relea e the 
backshorts. Each backshort in turn i 
set in a vice, slit side up, and a scalpel 
i used to pry the fingers apart, thick-
ness-wise, to a distance of about 0.002 
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in. (0.05 mm) greater than the smaller 
interior dimension of the waveguide. 
Although thi prying operation 
involve manual piece work, it takes 
little time (Ie s than 2 minutes 
per piece) . 
The backshorts are then hardened in 
an argon oven at a temperature of 600 
OF (318 °C) for 3 hours to impart 
springiness to the fingers . Finally, each 
backshort is soldered into place on a 
brass holder a ttached to a micrometer 
drive, which is used to adju t the po i-
tion of the backshort along the wave-
guide. 
This work was done fry Peter H. Siegel 
and John E. Oswald of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, write in 49 on the TSP 
Request Card. 
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STARTING MATERIAL: BERYLLIUM 
COPPER SHEET 1 BY 0.25 IN. 
Saw Cut + Directions 
TOP VIEW OF CLAMP HOLDING SHEET 
SIDE VIEW OF CLAMP HOLDING SHEET 
~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
"., 
Silicon Wafer 
Saw Cut 
Direction 1 
Rnal Cuts 
SHEET MOUNTED ON WAFER WITH FINAL CUTS 
TO SEPARATE BACKSHORTS 
Figure 2. A Sheet of Beryllium Copper is 
clamped rigidly to enable a dicing saw to cut 
narrow slots along and across one edge to 
make contact fingers, then the sheet is held by 
wax on a silicon wafer and diced to obtain 
multiple backshorts. 
NASA Tech Briefs, March 1997 
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@ Incremental State Saving in SPEEDES Using C++ 
Improved state-saving techniques prevent overloading of computer memories. 
NASA's Jet Propulsion LabrJratory, Pasadena, California 
The incremencal state-saving capa-
bility of the object-oriented Synchro-
nous Parallel Environment for Emu-
lation and Discrete Event Simulation 
(SPEEDES) operating system has 
been extended to encompas general 
incremental state-saving methods. 
[SPEEDES and an adaptive, parallel , 
discre te-even t-sim ulation-synchro-
nization algorithm called "Breathing 
Time Buckets" developed in SPEEDES 
were described in "Synchronization of 
Parallel Discrete Event Simulations" 
( PO-18414) , NASA Tech Briefs, Vol. 16, 
No.9 (September, 1992), page 129.] 
The present improvements have been 
accomplished through the u e of a roll-
back queue and through inhericance 
using a base-class rollback item. An 
additional feature of the improved 
operating system is the u e of a new 
technique for supporting lazy cancella-
tion. ("Lazy cancellation" denotes a 
concept for avoiding the need to cancel 
or roll back events that are simulated 
out of chronological order bUl produce 
the same results as if simulated in 
chronological order. ) 
The greatest challenge in the field of 
parallel discrete-event simulation is to 
provide general mechanisms for cur-
rent-event processing, for example, pro-
ces ing time-tagged events for imulat-
ed objects in their ascending time 
order, while simultaneously achieving 
high parallel performance. It is difficult 
to ensure correcmes (in the sense of 
preserving cau ality) in a parallel imu-
lation in which objects are distributed 
among multiple proce sor becau e 
each proce or tends to advance at its 
own rate. Because of the different rates 
of advance, an event imulated on a 
slow node (processor) can ometimes 
result in cheduling of an event in the 
imulated past of another object that 
re ides on a faster node; thi violates 
causality, potentially rendering invalid 
all events simulated on the faster node 
back to the event in question. 
Optimistic parallel discrete-event sim-
ulation engines require rollback mecha-
nisms to restore the state of simulation 
objects to those of earlier times when 
104 
events are accidentally processed out of 
time order. Traditional approaches 
involve saving the entire state of an 
object before its next event is proce ed, 
so that its original tate can be re lored. 
However, this approach can very quick-
ly use up all of the available memory in 
a processor. In addition, the overhead 
for copying large amounts of memory 
can be quite high. Thus, there exists a 
need for a reversible incremental state-
saving technique. 
the default mode of cancellation for 
the rest. 
One of the mo t efficient ways to 
handle incremental scate saving in par-
allel discrete-event simulations i an 
algorithmic mechanism called "Delta 
Exchange." In the SPEEDES imple-
men cation of Delta Exchange, an event 
changes the scate of a variable in a sim-
ulation object by exchanging this vari-
able with a similar variable that is 
stored in the data structure of the 
EVENT SIMULATION OBJECT 
Variables 
int input1 ; 
double input2; 
double output; 
Methods 
1I ...... Process Event Phase 1 
void C_Event:Phase1 0 { 
1I ...... get inputs 
input1 = object->geUnput1 0 ; 
input2 = object->geUnput20; 
1I ...... process stuff 
output = input + 2.0 • input2 
I 
1I ...... Delta Exchange 
void C_EVENT::exchangeO { 
object->exchange_output(output); 
I 
1I ...... Check Lazy 
int C_EVENT::checIUazyO { 
} 
If (input1 I = objecC>geUnput1 0) 
retum 0; 
If (input2 I = objecC>geUnput2(» 
retumO; 
retum 1; 
Variables 
int input1 ; 
double input2; 
double output; 
Methods 
1I ...... get Input1 
int C_OBJECT::geUnput1 0 { 
retum Input1 ; 
} 
1I ...... get input2 
double C_OBJECT::geUnput2() { 
retum input2 
} 
II .. .. .. exchange output 
void C_OBJECT::exchangs_output(double 0) { 
EXCHANGE(output, 0); 
} 
These Samples of Code show how a user can participate in a lazy cancellation in SPEEDES. 
The present improvements fill this 
need. The e impro\'ements are based 
partly on the recognition that events 
can store imporcant input information 
in their internal data structures to sup-
port sophisticated optimization tech-
niques. For example, the user can 
pecif}' lazy cancellation for pecific 
events - hopefully, the one most like-
ly to benefit from lazy cancellation, 
while using aggres ive cancellation as 
www.nasatech.com 
event. tate change of this type can 
easily be accomplished by dividing the 
proce ing of each event into two step. 
The first step is the basic proce sing of 
the event, while the econd step i the 
Delca Exchange. in which the new tate 
values are exchanged with the old scate 
value. After the Delca Exchange, the 
simulation object has the new scale val-
ues, and the event has the old values. If 
the Delta Exchange is performed 
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again, the variables are restored and the simulation object 
returns to its original state. 
In addition to the Delta Exchange, another mechanism is 
needed to save the state of the object incrementally as it is 
modified by the processing of an event. This is accomplished 
by use of a SPEEDES construct called the "Rollback Queue." 
When an event does something to change the state of its simu-
lation object, a rollback item is pushed onto the top of the 
Rollback Queue. Specific rollback items, which are C++ 
objects, inherit from the base class Rollback Item object. The 
base-class Rollback Item defines three virtual functions that 
make it easy to store values, roll back an event, or clean up the 
rollback queue, respectively. The incorporation of new types of 
rollback items into the SPEEDES programming environment 
becomes very easy in this approach. 
Rollback of an event is accomplished by popping rollback 
items out of the Rollback Queue, then calling their rollback 
virtual function to undo whatever was done. The rollback items 
are then stored in reverse order in another list called "qre-
verse." This provides the rollforward capability needed for lazy 
cancellation. After an event is successfully processed, its roll-
back information must be cleaned up. This is accomplished by 
popping the rollback items out of the Rollback queue, then 
calling its cleanup virtual function. Some of the rollback items 
do not require any work for cleanup. In these cases, the base-
class virtual cleanup function is called, but does no processing. 
Lazy cancellation helps to prevent the wasteful processing 
that would occur in rolling back events that produce the same 
results. Lazy cancellation in SPEEDES follows an object-orient-
ed approach that produces results quickly, with less overhead 
than in other approaches. Because events are represented as 
objects in SPEEDES, the inputs from a simulation object that 
are required for processing an event can be saved in the data 
structures of the event object. Before reprocessing the event 
(after it has been rolled back), a virtual function called 
"Check_Lazy" is called. This virtual function, which is supplied 
by the user, (see figure) compares the previous inputs from the 
simulation object still stored in the event object with the new 
values in the simulation object. If they are the same, or if it is 
determined that the event would still produce the same result, 
then this virtual function returns a 1. Otherwise, it returns a O. 
If the Check_Lazy virtual function returns a 1, the event is 
rolled forward. Otherwise, antimessages are sent, and the 
event is reprocessed. 
After an event has been rolled back, SPEEDES checks a flag 
stored in the event object that tells whether the event is partic-
ipating in lazy cancellation. This enables events to participate 
on a selective basis in lazy cancellation. When it is time to 
process that event again, SPEEDES checks whether the event 
would have produced the same result. 
Lazy cancellation may be performed in a very efficient man-
ner in which event-processing inputs from the simulation 
object are sa\·ed in the event object, and then later before 
reproces ing the event, the simulation object is checked to 
determine whether the values corresponding to these inputs 
have changed or would produce a different result. This ap-
proach i much more efficient than are most other approach-
es which involve byte-for-byte comparisons of the old state of 
the simulation object with its new tates, The present 
approach is also more flexible. 
This work was done by Jeffrey S. Steinman of Caltech for NASA's J et 
Propulsion Laboratory. For further information, UJTiU in 41 on the 
TSP Request Card. 
This invention is uumed by NASA, and a patent appLication has 
been filed. Inquiries concerning nonexclusive or exclusive license for its 
commercial development should be addressed to the Patent Counse4 
NASA Resident Office-JPL; (818) 354-5179. Refer to NPO-19424. 
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fj A Remote Agent Prototype for 
Spacecraft Autonomy 
Tasks would be communicated to a system 
at a high level of abstraction. 
'ASA s Jet Propulsion Laboratory, 
Pasadena, California 
The New Millennium Remote Agent (NMRA) architecture is 
a prototype architecture for artificial-intelligence systems that 
would govern the functions of nearly autonomous robotic sys-
tems. In the original intended application, the robotic systems 
would be small exploratory spacecraft now undergoing devel-
opment in ASA's New Millennium Program. Scientists would 
communicate high-level scientific goals to a spacecraft, and the 
NMRA hardware/ software system aboard the spacecraft would 
then work out the lower-level details; it would plan and sched-
ule scientific observations by on-board instruments, translate 
schedules into sequences of operations, verify that the opera-
tions would not damage the spacecraft, execute the operations, 
and respond to errors and equipment failures (responses 
could include rescheduling), all without routine human inter-
vention. The NMRA architecture might also prove adaptable 
to other, terrestrial robotic systems for which there is a need to 
implement semiautonomous operation with only occasional 
high-level, possibly non-real-time human intervention. 
The NMRA architecture integrates the following concepts: 
• Traditional real-time monitoring and control; 
• Constraint-based planning and scheduling to ensure achieve-
ment of long-term mission objectives and effective allocation 
of scarce resources; 
• Robust multi-threaded-execution software for reliable execu-
tion of planned sequences under uncertain conditions, for 
rapid response to failures and other unexpected events, and 
for management of concurrent real-time activities; and 
• Model-based diagnosis to confirm successful execution of 
plans and to infer the functionality of all equipment on the 
basis of inherently limited information from sensors. 
Continuous autonomous operation would involve the fol-
lowing cycle: 
1. High-level goals (e.g., to take more pictures) would be 
retrieved from a database. 
2. Planning and scheduling software would be asked to gener-
ate a schedule, given such input data as the available time 
and the actual or anticipated state of all relevant hardware. 
The resulting schedule would be represented as a set of 
tokens (relatively abstract commands) placed on various 
state-variable time lines, with temporal constraints between 
tokens. 
3. The schedule would be sent to executive software, which 
would act at the designated times to translate the tokens into 
sequences of lower-level (less abstract) commands subject to 
the temporal constraints. For each token, the executive soft-
ware would then attempt to execute the lower-level com-
mands and either (a) verify successful execution, (b) retry in 
case of failure to execute, or (c) generate alternate low-level 
commands to achieve the goal represented by the token. 
Hard failures to execute commands could necessitate modi-
fication of the schedule, in which case the executive software 
would coordinate the actions needed to keep hardware sy&-
terns in a safe state and would request a new schedule from 
the planning and scheduling software. 
4. The cycle would be repeated from step 1 whenever (a) execu-
tion reached the applicable time horizon or (b) the executive 
software requested a new schedule as a result of a hard failure. 
NASA Tech Briefs, March 1997 
The executive oftware would constitute one of four lay-
ers of the NMRA architecture. Execution of a chedule would 
be achieved through cooperation of the executive software 
with the three other layers. The executive software would rea-
on about the overall hardware stem in term of a et of com-
ponent mode . From inputs that would include equences of 
command and observations from sensors, a mode-identifi-
cation layer would generate component-mode information; 
that is information about the current mode (nominal or 
failed) of each hardware component. The mode-identifica-
tion layer would receive its inputs from a monitoring layer, 
which would take the raw sensor-data stream and discretize it 
to the level of ab traction required by the mode-identification 
layer. A control-and-real-time- y tern layer would take com-
mand from the executive layer, implement low-level control 
of the state of the hardware, and provide low-level sensor data 
to the monitoring layer. 
This work was done by Nicola Muscettola, P. Pandurang ayak, 
and Brian C. Williams of Recom Technologies at NASA Ames Research 
Center; Barney Pell of Caelum Research at NASA Ames Research 
Center; Michael D. Wagner of Fourth Planet; and Douglas E. 
Bernard, teve A. Chien, Erann Gat, Kim Gostelow, and Robert 
Rasmussen of Caltech for NASA's Jet Propulsion Laboratory. For 
further information, write in 8 on the TSP Request Card. 
NPO-Z9992 
, Punctured Convolutional 
Codes for Seamless 
Data-Rate Changes 
Fewer changes in symbol rates (with possible 
loss of symbol lock) would be necessary. 
NASA's Jet Propulsion Laboratory, 
Pasadena, California 
Error-correcting convolutional codes that are said to be 
"punctured" have been propo ed for use in radio transmission 
of a binary data. signal over a channel with a signal-to-noise 
ratio (SNR) that is low and that fluctuates during the day. The 
basic task is to maximize the data return by u e of the highe t 
practicable data rate without exceeding a given bit-error ratio 
(BER) at the given NR Heretofore, this task has been accom-
pli hed by changing the symbol rate (the rate at which the 
code i tran mitted in the channel) to suit the changing NR. 
Unfortunately, changing the ymbol rate cause undesirable 
ide effects; it change the tran mission bandwidth, and it can 
make the receh'er temporarily lose its lock on the symbol phase 
and thus 10 e orne data. 
The propo ed punctured convolutional code offer an alter-
native that could reduce the need for change in symbol rates: 
the tra.nsmi ion would continue seamlessly becau e the ym-
bol rare would be kept the arne and when the NR changed, 
the data rate would be changed accordingl ' at the coding stage 
( ee figure) in tead of at the tran mission tage. Increases in 
symbol rates would be re erved for in lance where SNR was 
high enough to provide ample BER margin; decrease in sym-
bol rates would be reserved for instances where NR was 0 low 
as to cause the receiver to lose symbol lock. 
To change the data rate at the coding tage, one must switch 
to a code that features the corresponding new rate. (The rate 
of a code i defined as the ratio between the number of infor-
NASA Tech Briefs, March 1997 
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mation bits and the number of bits in the code ymbol that 
convey that information) . The advantage of using punctured 
convolutional code (as distingui hed from other convolution-
al code) is that one can change to a code of a different rate 
without changing the basic tructure of the encoder in the 
tran mitter and the decoder in the receiver. 
A regular convolutional code of rate 1/ generate binary 
code ymbol per information bit. It ha been found that one 
can generate a convolutional code of higher rate by periodical-
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A Hypothetical System Would Switch among available codes with 
rates of 1/4, 1/3, and 1/2, according to the SNR and the achievable BER. 
Iy and systematically refraining from transmission of some of 
the code symbols; this periodic, systematic omission of symbols 
is what is meant by "puncturing" in this context. 
Let the code be characterized by a period that contains L 
information bits, which are conveyed by NL code symbols. One 
can define a puncturing pattern, P, in the form of a code like 
right-to-Ieft chronological sequence of L groups of N binary 
symbols each. A "1" at a given location in this sequence denotes 
that the code symbol in the corresponding time lot is to be 
sent, whereas a "0" at a given location denotes that the symbol 
in the corresponding time slot is to be deleted. If there are m 
zero in P, the resulting punctured code has a higher rate; 
namely, L/(NL - m) , where 0 < m < (N - l)L 
For example, consider a code with = 4 (rate = 1/ 4) and L 
= 4. One puncturing pattern for thi code is P= {OIl 1 11101011 
1101}, for which m = 4. The righunost digit corresponds to the 
first code symbol and the rightmost group of four digits corre-
pond to the four code symbols of the first information bit. 
This puncturing pattern indicates that the second symbol in 
the first bit, the third symbol in the second bit, the first symbol 
ASA Tech Briefs, March 1997 
in the third bit, and the fourth symbol in 
the fourth bit in a period are deleted. 
The rate of the resulting punctured 
code is 4/ (4 x 4 - 4) = 1/ 3. 
Once having chosen to puncture a 
code to achieve a given rate, the problem 
is to find the puncturing pattern that 
give the lowest BER for the given rate 
and the given range of S R values. The 
search for the be t puncturing pattern is 
rather complex, involving consideration 
of a number of factors from code theory, 
computational simulation, and practical 
implementation. 
This work was done by Ying J Feria and 
Kar-Ming Cheung of Caltech for NASA's Jet 
Propulsion Laboratory. Fvr further infor-
mativn, write in 68 vn tlze TSP Request 
Card. NPQ..19555 
, Software Produces SAR Image Data Products 
NASA s Jet Propulsion Laboratory, Pasadena, California 
"SIR-C GDPS" denotes a set of com-
puter programs that generate image 
data products from raw data acquired 
in synthetic-aperture-radar (SAR) 
scans of the Earth performed during 
two missions of the space shuttle. SIR-
C CDPS is divided into the following 
five software packages: 
• The Data Tran fer Sub y tem pack-
age contains programs that control 
the readout of the pecified SAR data 
from high-density digital cassettes. 
• The Output Product ubsystem 
• The programs in the SAR Correla-
tor Subsystem package process the 
raw SAR signal data into image 
data. These programs estimate 
Doppler centroid and rates, per-
form radiometric and polarimetric 
calibrations, produce single-look 
complex SAR imagery, generate 
geometrically rectified and re-
ducerl-data multilook AR imagery, 
and generate byte image files for 
display and printing. 
package contains program that 
produce compact-disk read-only-
memory (CD-ROM) files, annotat-
ed printed images, and tapes con-
taining the processed AR data. 
These programs were written by Chi-
• The Catalog Subsystem package 
contains programs that enable the 
user to search for available data and 
request data products. 
• The Control Processor Executive 
package contains a ta k-manager, 
a remote-task-manager, and a graph-
ical-operator-in terface program. 
Yung Chang, David Pm., Jeffrey Levison, 
Patricia Barrett, Tracy Clark, Dieuthuy 
Nguyen, Quyen D. Nguyen, Shirley Pang, 
Theresa Wright, Howard Yun-Howe Chu, 
and Sam Southard of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, write in 33 on the TSP 
Request Card. NPO-20005 
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8 Self-Regenerating Water Iodinator 
This unit can function automatically for years. 
Lyndon B. Johnson Space Center, Houston, Texas 
A regenerable water iodinator can 
operate for many years without replace-
ment or Guman intervention. The regen-
erable water iodinator, also called a 
"regenerable microbial check valve," 
(RMCV), is u ed to kill bacteria to make 
reclaimed water potable. 
The RMCV was developed to replace 
expendable flow-through iodination can-
isters or microbial check valve of a type 
that have been used in space shuttles and 
that must be replaced after 30 days ' use. 
Intended for use on Space Station 
Freedom, the RMCV i expected to 
match the 30-year life expectancy of that 
spacecraft. It will thus eliminate the 
maintenance rime and materials that an 
expendable purifier would necessitate. 
Terrestrial versions of the RMCV could 
be useful in portable emergency or ship-
board water-purification system, or in 
stationary systems that are required to 
operate unattended for long rimes. 
The RMCV includes an iodinated ion-
exchange resin bed that kills microbes 
on contact and imparts a residual iodine 
content to the water flowing through it. 
In the normal mode of operation, water 
flows directly through the resin bed (see 
figure) . The effluent from the resin bed 
flows through an on-line iodine monitor, 
which measures the residual iodine in 
the stream and passes the information to 
a control computer. 
The computer performs a running inte-
gration of the iodine levels to determine the 
mass lost from the resin. When the residual 
iodine concentration fulls below a preset 
value - for example, 2 mg/L - the com-
puter switches the apparatus to the re-
generative mode. It 
switches a diverter 
valve to reroute the 
flow of water through 
a packed bed of 
iodine crystals before 
entering the ion-ex-
change resin bed. In 
the iodine-crystal 
bed, the stream ac-
quires an iodine con-
centration of 200 to 
300 mgIL The water 
then enters the ion-
exchange resin bed, 
where the high con-
centration of iodine 
recharges the iodine-
depleted resin. 
When the com-
puter, operating in 
Co.ryUllction with the 
iodine monitor, de-
RowIn 
Regeneratrt 
Mode 
termines that the ion-exchange resin bed 
has been exposed to the high concentra-
tion for enough time to replenish the 
iodine in the resin completely, the comput-
er switches the apparatus back to the nor-
ma! mode. It switches the diverter valve so 
that the water stops flowing to the iodine 
bed and starts flowing directly to the resin 
bed. The cycle of depletion and regenera-
tion then repeats indefinitely. 
In a demonstration, four RMCVs were 
tested by using them to treat water con-
taining artificial mixes of contaminants 
designed to simulate the effects of 
reclaimed wash water, humidity conden-
sate, and urine. After a year of operation, 
the units were still producing adequate 
concentrations of iodine in the effluents, 
although the rimes between regenerations 
were slowly decreasing. The results of the 
demonstration have been extrapolated to 
a useful life expectancy of 19 years. With 
further refinement, a regenerable micro-
bial check valve should be able to ftmction 
automatically for at least 30 years. 
The highly concentrated iodine solu-
tion from the iodine bed could also be 
extracted directly, with the resin bed 
bypassed, to provide a strong disinfectant 
for treatment of biofilrns and other micro-
bial growths. Disinfection with the iodine 
solution is more energy-efficient than is 
disinfection with steam or hot water. 
Unlike such disinfectants as quaternary 
ammonium salts, alcohol, or chlorine, the 
iodine stream can be produced at the time 
and place of use without need for storage. 
This work was done by Ricoom L. Sauer of 
Johnson Space Center and James E. 
Atwater and Richard R Wheeler, JT. , of 
Umpqua Research Company. For further 
information, write in 15 on the TSP Request 
Card. 
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The Control Computer switches the diverter valve to route the flow of 
water through an iodine-crystal bed when the iodine monitor detects a 
low concentration of iodine in the effluent. 
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• Planetary Microrover 
A brief repon pre ents drawings for 
a conceptual design of a proposed 
vehicle that would traverse the surface 
of Mar or another remote planet, 
finding its way acro rough, unknown 
terrain. The drawing how some 
dimen ions and depict the general 
appearance of the vehicle, including 
notably six wheel on a unique sus-
pension mechanism. This design pre-
ents ignificant licensing opportuni-
ties in the toy and model indu tries. 
This work was done by Donald B. Bickler, 
Kenneth A. Jewett, Howard J Eisen, and Lee 
F Sword of Caltech for NASA's Jet 
Propulsion Laboratory. To obtain a capy 
of the report, U Mars Microrover, " write in 87 
on the TSP Request Card. 
In accordance with Public Law 96517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 
Larry Gilbert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315 - 6 
Pasadena, CA 91125 
(818) 395-3288 
Refer to NP0-19840, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
• Micromachined Tunable 
Optical Interference 
Filters 
A report expands upon the con-
cept of using micro machined two-
stage Fabry-Perot interferometers as 
rapidly and repeatably tunable color 
filters and/or as fast hutters in minia-
lure color televi ion cameras and 
other optoelectronic instruments. The 
concept was de cribed previou Iy 
in thi issue in "Micromachined 
0plo/Electro/Mechanical Sy terns" 
( PO-19467). As de cribed in both 
the report and the noted prior article: 
(1) the partially reflective optical flats 
of a two- tage Fabry-Perot interfero-
meter would be micromachined inte-
grally with flexible upports, along 
with electrode for electrostatic con-
trol and measurement of deflection; 
(2) by controlling the deflections, one 
would control lhe transmission and 
NASA Tech Briefs, March L997 
reflection wavelength band of the two 
filters; (3) by making one tran mis ion 
band of one stage overlap one trans-
mission band of the other stage, one 
would obtain a narrow-band-pas filter; 
(4) by making none of the tran mis-
ion bands of both stages overlap, one 
becau e the e adju tments could be 
made at frequencies of the order of 
would obtain a closed shutter; and (5) 
everal kilohertz, one could obtain 
nearly simultaneous image at differ-
ent wavelength in one instrument. 
Thus for example. it would become 
po sible to construct a color television 
camera with only one imaging detector 
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and one color fJlter that would be 
repeatedly tuned to all required colors 
(e.g., red, green, and blue) in 
equence at the image-repetition rate. 
10 addition to discu ing the forego-
ing i ues, the report briefly explain 
the principle of operation of Fabry-
Perot interferometers and the advan-
tage of the proposed micromachined 
versions over traditional macroscopic 
ver ions and over liquid-crystal-filled 
versions. 
This wark was done by Benjamin P. 
Dolgin and Frank T. Hartley ofCaltech and 
Paul Zavracky of ortheastern University 
far NASA's J et Prop ulsion Laboratory. 
To obtain a capy of the repart, "Micrornach-
ined Tunable Filters far Optical 
Applications," write in 3 on the TSP 
Request Card. 
NPO-19456 
• Integrated Pump 
Assembly for Active 
Cooling of a Spacecraft 
A conference paper describes an 
integrated pump assembly (IPA) that 
constitutes a major subsystem of an 
active mechanical cooling system on 
the Mars Pathfinder spacecraft. The 
IPA pumps and controls the circula-
tion of a chlorofluorocarbon refriger-
ant liquid to transfer excess heat from 
electronic and other equipment in the 
spacecraft to an external radiator. This 
is the first time such a mechanically 
pumped cooling loop has been used 
on a long duration spacecraft. The IPA 
contains centrifugal pumps, electronic 
control circuits, valves, and an accu-
mu lator. One of its novel components 
is a wax-actuated thermal-control valve 
for bypassing the radiator when the 
temperature of the fluid goes below 0 
°C. The IPA features a modular design 
that made it relatively easy to test its 
various electronic and mechanical 
components independently and expe-
ditiously during the development 
process. The design and fabrication of 
the IPA and the integration of the IPA 
with the rest of the cooling system and 
the spacecraft were accomplished in 
less than 18 months under severe con-
straints on cost and time. The IPA and 
the rest of the cooling system have 
performed well in a terrestrial labora-
tory solar vacuum test under f1ightlike 
conditions. The Mars Pathfinder was 
launched on December 3, 1996, and 
the IPA has been operating continu-
ously and maintaining the spacecraft 
equipment temperatures at the right 
levels. 
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This work was done by Gajanana C. 
BiTUr; Pradeep Bhandari, and Marshall B. 
Gram of Caltech for NASA's Jet Propul-
sion Laboratory. To obtain a capy of the 
paper; "Integrated Pump Assembly - An 
Active Cooling System far Mars Pathfinder 
Tlzennal Contro~ n write in 37 on the TSP 
Request Card. 
NPO-20055 
I'® Development of a 
Mercury-Ion Frequency 
Standard 
A continuously operating, high-reli-
ability, ultra-stable frequenc~ standard 
ha been developed using 99Hg ions 
confined in a linear ion trap (LITS). 
The standard is based on the physical 
principle de cribed in "Linear Ion 
Trap for Atomic Clock" (NPO-17758), 
NASA Tech Briefs, Vol. 14, o. 9 
(September 1990), page 44. The LITS 
includes a 10-MHz voltage-control-
lable quartz-crystal local oscillator or 
can operate with other high-perfor-
mance local oscillators. The local-
oscillator output is multiplied to =40.5 
CHz and stabilized by comparison 
with the frequency of a ~ound-state 
hyperfine transition of 99Hg+ ions. 
The comparison involves a combina-
tion of optical and microwave excita-
tion and interrogation of the ions in a 
linear ion trap. The use of an ion trap 
enables the achievement of long inter-
rogation times and a high resonance 
quality factor. In the LITS, a 202Hg 
lamp provides the optical excitation at 
a wavelength of 194.2 nm to excite the 
ground-state transition, which is char-
acterized b~ a frequency of about 40.5 
CHz. The 99Hg+ ions in the trap are 
cooled to near room temperature by 
helium at a low background pressure 
in the ion-trap vacuum system. Data 
from tests of the LITS indicate a short-
term frequency stability of 2 x 
1O-I4/'t 1/ 2, where 't is the averaging 
time in seconds. The long-term frac-
tional variation in frequency is esti-
mated to be less than 10-16 per day. 
This work was done by &bert L. 7Joelker; 
Charles B. Bricker; William A. Diener; 
Robert L. Harnell, Albert Kirk, Paul F. 
Kuhnle, Lute Maleki, John D. Prestage, 
David C. Santiago, David J Seidel, David 
A. Stowers, Richard L. Sydnor; and Thomas 
K. Tucker of Caltech far NASA's J et 
Propulsion Laboratory, To obtain a copy 
of the paper, "Mercury Ion Frequency 
Slandm·d Engineering Prototype for the 
NASA Deep Space etwark, n write in 11 on 
the TSP Request Card. 
NPO-20012 
www.nasatech.com 
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W hy constantly reinvent the wheel? 
(and the cylinder, and the gauge, and the clamp ... ) 
Instead, try PartSpec FREE for 60 days! 
Tired of redrawing standard parts from manufacturer catalogs? 
Now, with PartSpec· from Autodesk Data Publishing, hundreds of 
thousands of accurate, up-to-date, pre-drawn parts can be yours. 
They're all ready to insert (in native .DWG fonnat) right into your 
AutoCAD- drawings - with a Single mouse-click. 
PartSpec is one of two titles in the Autodesk' Mechanical Library 
available to you today by subscription. Quarterly updates bring 
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number of manufacturers to your computer desktop on conve-
nient CD-ROMs. 
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ASK FOR OFF ER N O . P6 79 
http://data.autodesk.com 
AUTODESK PARTSPEC 
300,000 Pre-Drawn Parts: Stop redrawing (rom 
catalogsl View and insert parts (rom over 50 major 
manufacturers - Parker Hanni(Jn. Square D. Tlmken. 
Thomson. Boston Gear, Blmba and many morel 
Attached Attributes: Draw wICh mtelligencel All 
DWGs are vendor-prepared far accuracy. and retam 
attributes such as part number and manufacturer 
after slngle-click Insertion Into Au[oCAD. 
FREE Quarterly Update CDs: Stay current! 
ParrSpec and [he entire Au!odesk Mechanical Library 
are subscriptJon serVices. Your (ree quarterly updates 
comaln new manufacturers. and even more parts. 
~Autodesk. 
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The Deschner Kinechek precisely regu-
lates the speed of moving devices such as 
air cylinders or automatic machine slides 
and controls the feed rate of drills and 
other tools. Kinecheks are used in numer-
ous applications worldwide including food 
and packaging machinery, computer equip-
ment, and industrial robots. They are easily 
adjustable and can control loads from 5 to 
1200 pounds in stroke lengths of 1/2,1, 2, 3, 4 and 6 inches. 
Reliability and constancy are unequalled due to the patented 
hermetically-sealed design and the long lasting, high-perfor-
mance materials used in their construction. They operate mil-
lions of cycles without losing a single drop of fluid. A compan-
ion unit, the leakproof adjustable Cushioneer shock absorber, 
stops fast moving equipment without bang or bounce. 
The Deschner Corporation , 3211 W. Harvard Street 
Santa Ana, California 92704 
Telephone : (714) 557-1261 
Toll-Free out of state: 
(800) 457-6666 
Small , flexible and dynamic; Servometer 
gold-plated bellows contact springs insure 
electrical continuity where tolerance build-up 
and vibration become a problem. 
• 13 configurations available from stock 
• Minimum insertion loss 
• Extremely low DC resistance 
• Minimum self inductance 
• Leak tested for sealed applications 
• Lifetime spring repeatability 
SBRVOMeT8R 4D 
Call for a free 
Design Brochure 
501 Little Falls Road 
Cedar Grove, NJ 07009 
Fax (USA): (800) 785-0756 
Fax: (201) 785-0756 
Tel : (201) 785-4630 
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I 
New- l!ite.,;.a1ture 
A 76-page guide to fiber-<>ptic trans-
ceivers is available from AMP, 
Harrisburg, PA. Included are trans-
ceiver components and functions, 
specifications and standards, and 
qualification testing information for 
electronics designers. 
For More Information Write In No. 700 
Jonard Industries, Tuckahoe, NY, 
has released a 40-page catalog of 
tools for electronics, computers, 
and aerospace. Connector tools, 
tool kits, drivers, screws and nu[S, 
and assembly tools are featured. 
Springs are described in a 6Q.page 
catalog from Mid-West Spring Man-
ufacturing, Romeoville, IL. In-
cluded are die, extension, torsion, 
and rolled wire compression springs; 
rutrogen cylinders; spring washers; 
and wire and metal custom forms. 
page brochure on converters, in-
struments, and data acquisition 
boards. Products include switching 
DC/ DC power converters, digital 
panel instruments, sampling AI D 
converters, and analog I/O boards. 
For More Information Write In No. 703 
The Kimco Magnetics Div. of BEl 
ensors & Systems, San Marcos, CA, 
has released a 1 6-page applications 
guide on brushless DC motors for 
medical , industrial, aerospace, and 
analytical instrumen lation applica-
tions. A new section covers two-wire 
brush less DC motors. 
For More Information Write In No. 704 
A six-page brochure from Precision 
Filters, Ithaca, NY, describes signal 
conditiorung, mtering, and switching 
equipment. Included are preampli-
fiers, transducer amplifier Iftllers, 
VME-based filters, and frequency-
band translation equipment. 
For More Information Write In No. 705 
"---
---
-
Tapemark, West St. Paul, MN, offers 
literature on product fabrication ser-
vices. Described are converting, lam-
inating, dje cutting, proto typing, 
materials sourcing, packaging, and 
certification of products for the med-
ical, electronics, computer, and 
industrial fields. 
For More Information Write In No. 706 
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Ne.W.L()~Q.Dis/( 
AeroLogic, Los Angeles, CA, has 
released Personal imula-tion 
Works 3D computational fluid 
dynamics software for Window. 
The postprocessor provides graphic 
visualization, poiOl-and<lick stream-
line generation, and forces and 
moments for the complete model 
or selected patches. The program 
costs $2,500. 
For More Information Write In No. 715 
Mathcad- PLUS 6 for Macintosh 
technical calculation software from 
MathSoft, Cambridge, MA, features 
a live document interface that 
allows users to integrate text, cal-
culalions, and graphs, and docu-
menl and share results using buill-
in Internet connectivity. New for-
matting capability; the ability to 
create and embed animation with-
in a worksheet; improved editing; 
and direct graphing of formulas and 
expressions are included. Designed 
for PowerMac, the program sup-
ports 68030- and 68040-based 
terns and sells for $349.95. 
For M o .... Information Write In No. 716 
Media Cybernetics, Silver pring, 
MD. has released Image-Pro Plus 
Version 3.0 image analysis software 
for researchers and technicians 
who use microscopes and other 
image-acquisition d",ices. Designed 
for Window 3.1,95, or .:T, the pro-
gram con tai ns a database that 
allow the acquisition, organiza-
tion, retrieval, and exporting of 
image obtained from image-gener-
ating lab devices. 
For More Infonnation WrIte In No. 710 
Analog Circuit Master circuit sian>-
Iation and analysis software from 
Sagebru h Systems, Keizer, OR, 
pro-ides simulation tools basecl on 
PICE technology. users can man-
age, operate on, and display the 
information generated by the circuit 
simulation program. The V,"mdows 
95-based sofrware costs 1,250. 
For More Information Write In No. 711 
Integral Vision, Farmington Hills. 
MI, offers VlSionBlol< 2.0 machine 
vision software, which a\lows devel-
opers to acquire and grab live 
image using minimal Visual Basic 
or Visual CH programming. It can 
design a machine vision application 
with a Windows graphical user 
interface by drawing the object 
onto the application platform. The 
software ranges in price from $1,600 
to $3,600 and operates with 
Windows NT. 
For More Information Write In No. 713 
DataAcq SDK for Windows NT data 
acquisition software developer'S kit 
from Data Translation, Marlboro. 
MA, allows u ers to create board-
independent applications for Win-
dows NT, 3.1, and 95. It includes 
various programmer's libraries 
and provides continuous through-
put to or from memory at speeds 
greater than 950 kSamples/second 
using a high-speed board. U ers 
can create memory buffers of any 
size within 16-Mb system memory. It 
is priced at $150. 
For Mo .... Information Write In No. 714 
)'nergy Maestro Release 4.1 statisti-
cal process control software from 
Zontec, Cincinnati, OH, enables 
quality control managers to obtain 
instant reports of process improve-
ments on a monthly basis. The \\TID-
do,,~ program supports direct 
input from gages and scales, and 
communications and messaging. 
For More Information Write In No. 712 
PIJoto..etching ••• 
for an imagination's worth of applications 
• mall feature in thin metals 
• Precise, complex de igns 
tandard and exotic metals 
• Prototypes in 2-3 weeks 
• High volume production 
• 90 years of experience 
We are the world leader in photo-chemical machining. 
1/800-BMC-ETCH 
Buckbee-Mears Sf. Paul 
A UNIT OF BMC INDUSTRIES. INC. 
278 E. 71h SI.,51. Paul MN 55101 
612/228-6400 • FAX 612/228-6572 
info@bmcind.cam • http://wwwbmcind.com 
• Nutplates lcovers available 
c.o lor • caWos fJl eor 
over 100,000 pre-tooled sires! 
• Secondary operations done in·bouse. 
Aluminum FQCts 
Hlgb Fracture Toughness; Non-Magnetic; Corrosion Resistant 
Provides EMI Shielding and Withstands Temperature Extremes 
~": ~ C"I1-800-545-1034 r", d,,,il,d ",,{,,! C8IIIIod ZERO Enclosures A ZERO Corporation Company 
500 West 200 North · North Salt Lake. UT 84054 · (801 ) 298-5900 · Fax (801 ) 292·9450 
Inkn1l't address: hltp ://\\ \\ \\ .zt.'rtlcnrp.colU 
Call Me, I'm Interested. Write In No. 446 
Send Literature. Write In No. 447 
This is the 
HUMIDITY SENSOR 
that industry has been asking for 
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• Fast. Small in size. Inherent accuracy ± 1% RH. 
• Stable over a wide temperature range. 
• All EMD-2000 Micro Sensors are interchangeable. 
• Produced in the USA by an experienced manufacturer. 
• Designed specifically for OEM applications. 
and its economical !! 
Please call to discuss application requirements. 
Technical Info and Sensor Evaluation Kits available. 
PHYS-CHEM 
SCIENTIFIC CORP. 
36 WEST 20TH STREET, NEW YORK, NEW YORK 10011 
212·924·2070 FAX: 212-243-7352 
For More Information Write In No. 430 
New o fflf!lCllfllarkef 
Gage Applied Sciences, South Bur· 
lington, Yr, ha introduced the 
CompuScope 500/PCI, a PCI-based 
multi.megahertz data acquis ition 
system capable of transferring A/ D 
data to PC memor), at speeds up to 100 
MB/ s. It features a sample rate of 500 
million samples per second for on-
shot ignals, storing the digitized data 
in onboard memory. PCI bus interface, including Bus Mastering; eight·bit 
vertical resolu tion; up to 2 megasamples of onboard memory; and drives 
for DOS, QNX, and Wind ows 3.1, 95, and NT are featured. It is capable of 
writing the A/D data directly to the PC's DRAM instead of storing it in the 
onboard memory. 
For Mo", InformatIon Write In No. 720 
Chemicall), va por deposited beta 
CVD silicon carbide material from 
Morron Advanced Materia ls, 
Woburn, MA, offer 99.9995% puri-
ty, ch e mi cal resista n ce, th ermal 
conductiviL), of >300 Wm·1K-I, stiff-
ness, and poli sh ab ili ty o f <A RMS. 
Fab ricated parts are ava ilable up 
to 40" 00 and I" thick for applica-
tions in semiconductor process· 
ing, optics, wear components, and 
e lectronic pac kaging. 
For More Information Write In No. 721 
Cooper Power Tools, a division of 
Cooper Ind us tries, Lexington, SC, 
offers the APEX K Series swivel sock-
ets, which tigh ten metric and SAE 
fasteners from an offset angle of 
30'. Availab le with either a 
square or hex drive, the)' feature a 
two·p in design. Stand ard and 
extended length s are available 
up to 12"; extended models fea· 
ture a tension leeve that locks 
the socket to the desired operat-
ing angle. 
For More Information Write In No. 722 
Cali! Motion Control , Mountain 
View, CA, has introduced the 
DMC-1411 motion controller 
card for one·and-a-halfaxes in 
the PC/ I04 form factor. It uses a 
32-bit microprocessor and con· 
troIs both servo and stepper 
motors. The unit controls jog· 
ging, point·lO-point positioning, 
electronic gearing and CAM, and 
contouring. Multiple arrays 
enable real-time data capture of 
up to 1,000 elements. 
For More Information Wr it e In No. 732 
),stems, Simi Valley, 
CA, offers the Image Intensified 
Lens System (ILS) for low light and 
UV high-speed photography. The 
lens system provides high-speed 
imaging to the far b lue and UV 
spectrum. It is compatible with 
virtually a ll 16- and 35-mm film 
cameras, as well as video and image 
converter cameras. The system is 
used in studies of combustion, 
high.voltage discharge, and ball is-
tic applications. 
For More Information Write In No. 121 
The Expert™ microprocessor·based 
dc fiber-optic sensor from Banner 
Engineering Corp., Minneapolis, 
MN, optimizes its sensitivity 
adjustment by differentiating 
between twO received light levels. 
It features a seven-segment, mov-
ing dot bargraph display; and a sin· 
gle, sealed button for program· 
mingo It operates from 10 to 30VDC, 
and includes both reverse polaril)' 
and transient voltage protection. 
For More )n f onnation Write In No. 723 
American Linear Manufacturers, 
Port Orange, FL, b.as announced 
rotary tables in 4" and 6" diameters 
with preloaded, crossed·roUer radial 
bearings, AGMA 10 gearing with sev-
eral available ratios, and gear / ",onn 
drive mesh. The)' feature a sealed 
and lubricated gear and bearing cav· 
ity, and standard NEMA motor 
mounts and couplings. 
For More Inform ation Write In No . 725 
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New onl tlir:e. Markef 
Anritsu Wiltron, Morgan Hill , CA, 
offers the MS2653A and MS2663A 
spectrum analyzen, which cover 
the 9 kHz to 8.1 GHz frequency 
range. Results are shown on a 
color CRT display; a two-screen 
display is available for analysis of 
separate signals or measurements. 
Both models weigh 26 pounds, fea-
rure a built-in controller, and 
offer a PCMCIA interface. 
For More Information Write In No. 724 
Linear motor-driven free piston air 
compressors and vacuum pumps 
from Medo U.S.A., Hanover Park, IL, 
convert electrical energy into a pul-
sating magnetic field, which moves 
the piston through its stroke. 
Weighing as little as 1.5 pounds, the 
compressor/pump features con-
trolled air generation, a single mov-
ing part, oil-free operation, and low 
noise and vibration. 
For More Information Write In No. 726 
The ICC-6000 Industrial Control 
Computer™ from Nematron Corp., 
Ann Arbor, MI, is a NEMA 4-rated 
flat-panel computer with an Intel 
Pentium processor. It offers a hinged 
chassis design that swings open for 
easy access, a 12.1" flat panel dis-
play, and SVGA resolution of 800 x 
600 pixels. The electrical chassis can 
be changed wilhout [0015. 
For More Information wme In No. 728 
OMEGA Engineering, Stamford, 
cr, offers the CL506 portable cali-
brator, which features a long-life 
battery for field applications, and 
digital interfacing and lfO capabil-
i ties for laboratory usage. Features 
include simulation and measure-
ment for PT 100 NI 100 RTDs, and 
15 thermocouple types, as well as 
generation and measurement of 
rnA, mV, V, and ohm Signals. 
for More Information Write In No. 729 
SA Tech Briefs..Mao-h )007 
The Series 96 1/16 DIN dual-display 
controller from Wallow Electric 
Manufacturing, St. Louis, MO, per-
fOmlS temperature measurement, 
event switching. remote set poiot 
input, heating, boost heating, cool-
ing, alarms, digital communica-
tions, and retransmit. It features 
two inputs and four outputs, 10Hz 
sampling, and a NEMA 4X front 
panel. Hardware modules are plug-
gable and exchangeable; software 
menus can be self-programmed. 
For More Information Write In No. 730 
The RBL Series of electronic loads 
from Dynaload, a division of 
Transistor Devices, Randolph, NJ, 
features an adjustable slew rate to 
achieve rise times between 10 ps 
and 10 ms. Full-scale range switch-
ing provides selectable full- cale 
ranges for current and/or voltage, 
synchronized paralleling, and 
functionality in four modes of oper-
ation: constant current. constaJlt 
resistance, constant voltage, and 
constant power. Standard units 
include 400V and 100V models. 
For More information Write In No. 731 
The Han Q5/0 Hane-Drive compact 
connectors from Harting Elek-
tronik of 'orth America, Hoffman 
Estates, lL, allow quick three-phase 
motor interchange. They are 
designed for a workiog voltage of 
400V contaCl-t<>-comact and 230V 
from contact to ground. The con-
nectors feature glas -fiber rein-
forced polycarbonate insulators. 
For More Infonnation Write In No. 733 
tTRiMa!b[Q][K ® INC. 
if you have an edge ... we have a trim! 
For over 25 years, 
the leader in 
flexible plastic 
and rubber 
extrusions! 
e-mail: trimlok@deltanet.com 
call 
toll-free 
714-562-0500 fax 714-562-0600 
6855 Hermosa Circle Buena Park, Ca 90622-6180 
For More Information Write In No. 442 
ENGINEERING SOLUTIONS: . 
The Most Important 
Number To Solve Your 
Enclosure Problems: 
___ R_eader serViceG) 
This number gives you quick aocess 
to General Devices' Vent Ra~ 
endosures. Made of cold rolled steel 
or aluminum, they meet demanding 
commercial and mifilary requiremen1s, 
including all EMVRA and seismic 
specifications. 
Slardard or 0JSi:lm desigled Vf!J1t RaJ< 
enclosures meet your specific 
aesthetic, ease-of-maintenance, 
accessibility, selSlT1ic, shock. vibration 
or cooling application requirements. 
All cabinets can easily be fitted 
with a variety of conductive gaskets, 
removable cover panels, cable 
penetrations, vents and internal 
grounding points. 
Call now for a fully-illustrated catalog: 
1-800-626-9484 
~~ •• ,.,.'''''' Or; fax your request to: 1-317-898-2917 
DATA ACQUISITION 
. ' " - ~ '~:~'~~''' :-'~: '. 
r ..... ! 
: " ~.  -: . 
: ... - - . . ,- t 
. . . . . 
DAP 32ooa'" with onboard intelligence 
• High-Speed 110 • DSP Commands 
• External Expan ion • Control Loop < I IDS 
• 19-inch Indu trial 
Racks 
• Standard PC GUI 
mfo@mstarlabs.com 
www.mstarlabs.com 
TROMPETER'S 
NEW PL75MC 
• Five pieces 
• Four quick, easy assembly steps 
• Each step can be inspected 
• Meets or exceeds Mil-C-49142 requirements 
• 2-lug, 3-lug, 4-lug and threaded keyings 
• Greater retention /ISO 900/ Cedi/ier/I 
Quality tiMs. " c:st .. .it pays! 
I QPl!ed I TROMPETER £Le-eTRdN I Ca , I NC 
(800) 982-COAX • (818) 706-1040 
Send Literature Write In No. 588 
Please Call Write In No. 589 
c:::=-=:::> 
ROTARY BAND 
CONTACTS 
New and better 
than slip rings for 
transmitting 
electrical power & 
signals across a 
rotary joint. 
~/ ELECTRICAL OUTPUT AOWNG ELECTRICAL V- COHTACT _ Et£CTIlICAL INPUT 
Th is NASA-sponsored technology 
development employs flexible rolling 
contacts. Compared with slip rings, Rotary 
Band Contact units are less noisy, last 
longer and cost less. For a customized 
quotation, contact Honeybee Robotics: 
(212) 966-0661 phone - e-mail : 
dept204@hbrobotics.com 
HONEYBEE ROBOTICS - Engineering The Future 
- DVANCED AI RCRAn i 
ALYSIS SOFTWARE _ 
The tools used by airplane manufadurers 
wo,ldwlde-are now available to anyone 
with a personal computer. 
PC·SOFTWARE & CONSULTING SERVICES: 
• Performance 
• Stability & Control 
• Airplane Sizing 
TEXTBOOKS: 
• AlrpI ... Aonodyo ... 1a , Porfonno_ 
• AI.,I ... Oeslgn 
• AI.,I ... flight Oynoonla 
llARcorporation 
~. _end_Corpcm.cn 
120 E. 9th, Su~e 2, Lawrence, KS 66044 
e-mail: Inlo@darcorp.com • hltp:/twww.darcorp.com 
1-800-327·7144 • (913) 832.{)434 , Fax (913) 832-0524 
For More Information Write In No, 581 
FUllY INTEGRATED, RACK MOUNT AND RUGGED 
SUN SPARC WORKSTATION 
STANDARD FEATURES INCLUDE: • CHOICE Of SPARC-fNGINE 5. 20 OR 
ULTRA 1E ' SCSl-2, ETHERNET. 2 SERIAL. PARAillLAND AUOIO 
PORTS ' SHOCK ISOIllTED DRIVE CAGE TO MOUNT SIX 5.25' HAlf 
HEIGHT DRIVES · CHOICE Of GX, GX •• TURBO GX. ANO sx. CREATER 
GRAPHICS fRAME BUFFERS· RACK MOUNT COLOO MONITORS, 17' 
00 19' • RACK MOUNT KEYBOARO WITH TRACK BAll • SOIJ\RIS 2.X 
CUSTOM OPnONS, FOR FULL DETAILS CONTACT: 
IBI SYSTEMS, INC., 6842 NW 20 AVE. 
FT. LAUDERDALE, Fl 33309 
TEL: 954-978-9225, FAX: 954-978-9226 
rum FARRAND CONTROLS 
DIVISION OF RUHLE COMPANIES, INC. 
99 Wall Street, Valhalla, NY 10595 
FREE! 
130 
Page 
Catalog 
"Optics 
for 
Industry" 
FrE*! 130 page product catalog from Rolyn, 
world's largest supplier of "Off-the-Shelf' optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beam splitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod-
ucts and coatings in prototype or production 
quantities. ROL YN OPTlCS Co., 706 Atrowgrand 
Circfe, Covina, CA 91722-2199, (818)915- 5707, 
FAX (818)915-1379 
For More Information Write In No. 582 
MELLEN 
Custom High Temperature Systems 
Let Me/len's high temperature 8Xp8rts e"l}lnBBr 
solutIOnS lor your high temperature applications. 
Custom t2OO"C sp/it-hlnged tubular furnace WIth Mellen's 
patented Thermal-Oistortion·Free sight port (TOp). which 
minimtzes thermal kJSses at the location of the Window. 
1260 Bclllir. Street . Webster Npw Hampshlrf' en lO 3 
' HI 18006336115 ' FAX 6036182177 ' 
E Melli mellen \I'l kcar tdsnet com 
Nlib 3.0 is a library of A SI C functions for 
creating and processing URBS curves and 
surfaces. The functions are easy to call and no 
knowledge of NURBS mathematics is re-
quired. lib 3.0 is the ideal kernel upon which 
to build geometry-based application . Source 
code, multi-users, no royalties. Maintenance, 
con ulting and training. 
http://www.gower.netlgeomware 
GeomWare, Inc. PH/FAX 903 839-5042 
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5000+ standard modifications I 
• Largest selection of pressure regulators In the Industry. 
• Pressure ranges from vacuum to 20,000 PSIG. • Hydraulic, 
pneumatic & corrosive service. • Choice of porting options, 
loading styles, flow capadties & materials of construction. 
• Electronic/computer operated controllers for regulators. 
See us at the Design Show, Booth #1261 TESC®M 
An ISO 9001 QualJty System 
CertJiJed Company call: 1-800-447-9643 
The Technology Connection 
COMPOSITES metal, ceramic mattix, carbon-carbon; 
REINFORCEMENTS ceramic fibers, coa[ed fibers; COATINGS for pares, 
fibers, coating systemS; SPECIALTY METAL ALWY & imermetallic 
powders; ELECTROCHEMICAL SYSTEM batteries, fuel cells. 
Comact: Rober[ Mallia, MER CORPORATION, (520) 574-1980 
FAX (520) 574--1983 
Invention For Sale." 
We have helped hundreds of invenoo and 
showed them how 10 offer their in_~ons 
for sole 10 businesses all (]'If!( the world. 
No cost. Free Inlonna~on. 
NASA Tech Briefs. ISSN 0145-319)(. usps 750-070. copyrlghtC 1997 by AssocIated BusIness Publk:atlons Co .. 
Ltd. Copyright is not _ for !he Individual ~ech bnefs" contained In this publk:atlon. Tha u.s. Govemment has 
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Weather Proof I Ruggedized 
Portable Industrial pes 
IN Ute Industrial Notebook 
• 1 FuHength/Height AT Exponsion Slot, 2 Type II 
(or 1 Type III) PCMCIA Slots 
• Intel Pentium'" Processor/ 120 MHz, 
Up to 64MB DRAM 
• Duol Builtin Power Supplies, 
AC (4D-440Hz) ond DC (1 B-36V) 
• Meets Mi~Spec 
IP Lite Industrial Portable 
• 5 AT / PCI Slots, 3 Full, 2 HoHength 
• Intel Pentium .. Processor/ 133MHz, 
Up to 126MB DRAM 
Both Portables Feature: 
• Full Mognesium Die{ost Casing 
• Shock/Vibrotion ond EMljEMC Protection 
• 10.4' TFT VGA or 12.1' XVGA (1024 x 766) 
Color Displays 
• 3 Yeor Worranty, CE Approvol 
Call 1-800-KONTRON 
800-566-8766 • 71 4-851- 1 872 
http://www_kontron_com 
KONTRON ELEKTRONIK 
KONTRON ELEKTRONIK t5 AN ISO 9001 CERTlFtED COMPANY 
For More Information Write In No. 445 
Instruments ." 
Gages ... 
Salances .. . 
PLCs _ .. etc ... . 
Any Serial 
Devicel 
• Real-Time Serial Data into Any Application - Excel. 
VB, Ouattro. Lotus. Access. Stal software. etc. 
• Full data acquisition and instrument control. 
• Risk free 90 day. money-back guarantee. 
Now Windows. DOS. NT & 
Windows 95 applications 
TAL TECHNOLOGIES. INC. 
2027Wallac. SL, Philadelph.., PA 19130 
Tel: 2151763-7900 Fax: 215/ 763-9711 
E-mail: tal1@tUtech.com 
Home page: http.:flwww.taltech.com /nJtrrun~TAL So/hw,.'" 
For More Information Write In No. 590 
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Makinll Space Techno/Oil" 
Work tor You 
• 
• 
• 
• 
Plasma Torch Using a plasma lorch 
technology developed by Ames Research 
Center, PIa rna Technology Corporation 
(PTC) has revived interest in a decade-old 
ystem for industrial heating. The plasma 
torch line developed by PTC far surpasses 
conventional methods. It offers greater 
temperature and processing control, faster 
reaction time, lower capital cost and a 
more efficient use of energy. 
CD SoIlw CLIPS, 
a John on Space Center expert y tern 
program, enabled Software House to 
develop the C.CURESystem J Plus. This 
ystem allows users to manage large 
amounts of information, solve unique 
security problems and gain power over 
acce control with time chedules, 
authorization levels and door entry with 
card validation. 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
t:mlift'llnmenta Se Magnetizing fuel 
by dispersing finely ground particles of iron 
oxide through it - an idea developed by a 
LewIs Research Center cientist is the 
concept behind Ferrofluidics Corporation s 
ferrofluids seal. The initial u e was in a 
zero leakage non-wearing seal for making 
semiconductor chip . The corporation now 
manufacture rotary feed through seals for 
the semiconductor indu try. 
N ASA technology po itioned the U.S. in the forefront of pace exploration. Whether it i sensors, microelectronIc , information system or another area, NASA technologies can help your bu ine 
position it elf in front of your competition. 
TechTracS - the newest earch engine for finding the NASA technologie with the greate t commercial 
potential - can be acce ed over the Internet through the NASA Commercial Technology Home Page: 
http://nctn.hq.na a.go . 
To match your company s needs with NASA solutions contact the NTTC by 
For More Information Wri t e In No. 630 
• Internet: http://www.nttc.edu. 
• Phone: 1-800-678-6882. 
See Uti during National Mfg Week, Mar 10·13, Chicago, IL. at the Plant Engineering Show,Booth #10855, 
and at the Design Show, Booth #3407. 
Tim, rpma","', ,milK" UJn" capturtd by 'M 
Hubblc Spar, T,lcrcopt and promud, 
vilWtd and analyud in IDL 
The Hubble pace Telescope is in orbit when a defect is discov-
ered in the primary mirror. Fuzzy pictures. Big problem. 
cientis[S knew they faced a daunting task when they launched 
the servicing mission [0 repair A A's Hubble pace Telescope 
in 1993. They needed superior software [Ools [0 test, calibrate 
and analyze the data from the replacement camera. They chose 
IDL, the intmutiv( Data Languagr. 
Hut ' s why. 
The ability [0 quickly and easily write applications, compile data 
and visualize results compelled the Investigation Definition 
Team for the WFPC-2 [0 use IDL as their software language. 
IDL p[Ovides a "powerful, flexible language that is easy [0 use 
and cus[Omize," says Paul Scowen, a team member. "With IDL 
you can be productively working on your data after only a couple 
days' exposure [0 the environment." 
IDL heIRS ma~e 
; Hubble pIcture perfect 
"Among other things, I put together a GUl that incorporated 
numerous IDL applications in a simple, point-and-click mode. 
IDL is one of the best environments I've seen to design GUls 
quickly and easily," says Scowen. 
cowen estimates they saved "more than a year of labor over 
the course of three years by adopting IDL over other alterna-
tives." Because IDL runs on Windows, Unix and Macintosh 
computers, the team could quickly and efficiently share their 
work. "Being able to take procedures written on one machine 
and directly transplant them to another at the drop of a hat is 
patticularly advantageous," Scowen says. 
"Many of IDL's array-bandling logic routines are invaluable," 
Scowen adds. "For example, the ability [0 multiply two arrays 
in memory as fast as IDL does cannot be matched by other 
commercially-available software." 
Thousands of other organizations like ASA are using IDL to 
accelerate their data analysis. Find out how IDL can help you make 
better discoveries from your data. Contaa us today for an IDL 
information pack and your free booklet, FArth Scimc( ApplicatWn 
Profiks, which details other intetesting applications of IDL 
5551DL 
Contact us today for information on the IDL software package & a free demo CD. 
Research Systems, Inc. tel: 303.786.9900 email: info@rsinc.com hltpJ/www.rsinc.com Software ", Vision. 
For More Information Write In No. 685 
